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A b s t r a c t 
An RNase of molecular weight 30000 was isolated and partially purified from a faculta-
tive thermophilic bacterium, JB-1. The maximal activity was measured at pH 5,5 and 318 K 
for RNA digestion. The time dependence of thermal inactivation was determined at different 
temperatures and the activation energy of thermal inactivation calculated to be 254 kJ/mole. 
Ag4", M n ' + , Z n , + , C u , + , Co*+ and K+ ions inhibited the RNase activity. M g , + ions had no 
effect on the enzyme activity. In the presence of Ca*+ ions an activation of RNase was observed. 
Phenyl-methyl-sulphonyl-fluoride and EDTA inhibited the catalytic activity. The iodoacetamide 
after a slight activation — also caused an inhibition of RNase activity. 
In t roduc t ion 
T h e a b i l i t y o f m i c r o o r g a n i s m s t o g r o w t h a n d t h r i v e a t h i g h t e m p e r a t u r e h a s 
b e e n a f o c a l p o i n t o f i n v e s t i g a t i o n . FARELL a n d CAMPBELL (1969) d e v i d e d t h e r m o -
ph i l i c b a c t e r i a i n t o t h r e e c a t e g o r i e s : o b l i g a t e o r s t r i c t t h e r m o p h i l e s w i t h o p t i m a l 
g r o w t h t e m p e r a t u r e s r a n g i n g f r o m 338 t o 348 K b u t s h o w i n g n o g r o w t h b e l o w 
3 1 3 t o 315 K ; f a c u l t a t i v e t h e r m o p h i l e s w i t h m a x i m a l g r o w t h t e m p e r a t u r e s b e t w e e n 
3 2 3 a n d 338 K , b u t a l s o c a p a b l e o f r e p r o d u c i n g a t t e m p e r a t u r e s b e l o w 3 0 3 K ; 
t h e r m o t o l e r a n t b a c t e r i a w i t h g r o w t h m a x i m a a t 3 1 8 a n d 3 2 3 K. a n d s h o w i n g g r o w t h 
b e l o w 3 0 3 K . 
T h e q u e s t i o n a r o s e w h a t is t h e c h e m i c a l bas i s o f t h e t h e r m o s t a b i l i t y o f t h e 
t h e r m o p h i l i c o r t h e r m o t o l e r a n t b a c t e r i a , i.e. h o w c a n flow t h e m e t a b o l i s m b y a 
n o r m a l r a t e a t h i g h e r t e m p e r a t u r e , w h i c h f e a t u r e s r e s u l t t h e h i g h e r t h e r m o s t a b i l i t y 
o f these e n z y m e s in s u c h m i c r o o r g a n i s m s . 
T h e r e a r e d a t a in t h e l i t e r a t u r e w h i c h i n d i c a t e t h a t t h e l ip id c o m p o s i t i o n is 
d i f f e r e n t a n d a s a c o n s e q u e n c e o f th i s t he m e m b r a n e s t r u c t u r e s h a v e h i g h e r m e l t i n g 
p o i n t s in t h e r m o p h i l i c m i c r o o r g a n i s m s . HEILBRUNN a n d BELEHRADEK (1937) p o i n t e d 
o u t t h a t o r g a n i s m s g r o w i n g a t e l e v a t e d t e m p e r a t u r e s c o n t a i n l ip ids , w i t h h i g h e r 
m e l t i n g p o i n t s a n d p r o p o s e d t h a t g r o w t h a t d i f f e r e n t t e m p e r a t u r e s w a s d e p e n d e n t 
u p o n t h e m e l t i n g p o i n t o f t h e c e l l u l a r l ip ids . BROCK (1967) in r e v i e w i n g t h e r m o -
phi l i c g r o w t h p r o p o s e d t h a t t h e i n c r e a s e o b s e r v e d in p e r c e n t a g e o f s a t u r a t e d a n d 
b r a n c h e d — c h a i n f a t t y a c i d s w i t h an i n c r e a s e in g r o w t h t e m p e r a t u r e s c o u l d e n h a n c e 
m e m b r a n e s t a b i l i t y a n d t h a t t he i n t eg r i t y o f t h e c y t o p l a s m i c m e m b r a n e m a y b e t h e 
l imi t ing f a c t o r in t h e g r o w t h o f t h e r m o p h i l e s . 
O t h e r e x p e r i m e n t s s h o w t h a t s o m e i n d i v i d u a l e n z y m e s o f s u c h b a c t e r i a a r e o f 
h i g h e r c o n f o r m a t i o n a l s t a b i l i t y . In c o m p a r a t i v e s t u d i e s , AMELUNXEN a n d LINS ( 1 9 6 8 
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r e p o r t e d t h a t n ine of e leven e n z y m e s f r o m B. s t e a r o t h e r m o p h i l u s were s ign i f i can t ly 
m o r e t h e r m o s t a b l e t h a n the i r c o u n t e r p a r t s f r om t h e m e s o p h i l e . Bacillus cereus. 
BROCK (1967) s p e c u l a t e d t h a t t he t h e r m o s t a b i l i t y o f t h e r m o p h i l i c p r o t e i n s 
m i g h t b e d u e to a r ig id , i n f l e x i b l e c o n f o r m a t i o n . CAMPBELL (1955) r e p o r t e d t h a t 
t he a - a m y l a s e f r o m a f acu l t a t i ve t h e r m o p h i l e (Baci l lus sp . ) w a s t h e r m o s t a b l e 
if t he cel ls w e r e g r o w n a t 328 K . b u t w a s t h e r m o l a b i l e f r o m cel ls g r o w n a t 310 K . 
B A R N E S a n d S T E L L W A G E N ( 1 9 7 3 ) c o m p a r e d t w o t h e r m o p h i l i c a n d t w o m e s o -
phi l ic eno la ses a n d f o u n d a s igni f icant r e l a t ionsh ip be tween a n increase in t h e r m o -
s tab i l i ty a n d a d e c r e a s e in t he n u m b e r of res idues t h e y c o n s i d e r e d c a p a b l e o f f o r m i n g 
H - b o n d s . CASS a n d STELLWAGEN (1975) d i d n o t find a n y d i f f e rence in the H - b o n d i n g 
p o t e n t i a l c o m p a r i n g the p h o s p h o f r u c t o k i n a s e o f o n e t h e r m o p h i l i c a n d t w o m e s o -
phi l ic bac t e r i a . 
In s o m e ca se s t h e r e m o v a l o f C a 2 + ions f r o m the e n z y m e resu l ted in loss of 
t h e r m o s t a b i l i t y [ F E D E R ( 1 9 7 1 ) , V O O R D O U W ( 1 9 7 5 ) ] . T h e r m o p h i l i c e x t r a c e l l u l a r 
e n z y m e s such as t h e r m o s t a b l e n e u t r a l p ro t ease , a l k a l i n e p r o t e a s e a n d a - a m y l a s e 
of Baci l lus s t e a r o t h e r m o p h i l u s , wh ich lack d i su l f ide b o n d s a r e s tab i l ized by t h e 
p re sence o f c a l c i u m . I t h a s been sugges ted by POLLOCK (1962) t h a t t h e c a l c i u m m a y 
t a k e p lace o f d i su l f ide b o n d s in s tab i l i s ing p r o t e i n s w i t h o u t d i su l f ide c ro s s l i nkages . 
In t h e f r a m e o f t he c o m p a r a t i v e inves t iga t ions o f t h e c o n f o r m a t i o n a l s t ab i l i t y 
of enzymes , we h a v e i so la ted a n e w facu l t a t ive t h e r m o p h i l i c b a c t e r i u m (JB-1) a n d 
s t u d i e d t h e cha rac t e r i s t i c s s o m e of its ind iv idua l e n z y m e s . 
T h e p r e s e n t p a p e r is c o n c e r n e d wi th s o m e p h y s i c o c h e m i c a l p r o p e r t i e s of R N a s e 
f r o m a f acu l t a t i ve t h e r m o p h i l i c b a c t e r i u m , i so la ted in o u r d e p a r t m e n t . 
M a t e r i a l s and M e t h o d s 
G r o w t h of b a c t e r i a 
JB-1 bacteria were grown up in the growth medium described by JÓNÁS (1980) with vigo-
rous aeration at 323 K. The average yield of bacterial paste was about 3-5g wet wt. /litre of 
culture. The cells were harvested in the late logarithmic phase and collected by centrifugation 
with 6000 g for 60 min and stored as a frozen paste at 253 K. 
P r e p a r a t i o n of e x t r a c t a n d p a r t i a l p u r i f i c a t i o n of R N a s e 
Bacterial paste was thawed and resuspended in 0,01 M acetate buffer, pH 5,5 and broken 
by treatment with lysozyme HACHIMORI (1970) or by French press. Cell debris was centri-
fuged off and the supernatant was saturated with ammoniumsulphate up to 60% of saturation. 
The insoluble proteins were removed by centrifugation and discarded. The supernatant was 
dialysed overnight against 0,01 M acetate buffer, pH 5,5. The dialysed supernatant was applied to 
a column of DEAE cellulose (15x1.4 cm), equilibrated with 0.01 M acetate buffer pH 5.5 and 
washed with the same buffer. Bound proteins were eluted from the column by a linear gradient 
of 0-0.5 M NaCl in 0.01 M acetate buffer at a flow rate of 30 ml/h. The total volume of 
the gradient was 100 ml and fractions of 5 ml were collected. Fractions, containing RNase 
activity were combined and stored at 253 K with no detectable loss of enzyme activity within 
2 months. 
Protein content was determined by the method of LOWRY et al. (1951) with bovine serum 
albumin as a standard or by measuring the absorbance at 280 nm, using an approximate extinc-
tion coeffecient of Aj-jVÍL = 1.0. 
E s t i m a t i o n of m o l e c u l a r w e i g h t 
The molecular weight for RNase was determined by gelfiltration chromatography and 
sodium dodecyl sulfate (SDS) polyacrylamide electrophoresis. The gel chromatography was 
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performed on Sephadex G 50 column (2 .5x40cm) , equilibrated with 0.1 M acetate buffer 
pH 5.5 using trypsin, cytochrome c, lysozyme, soybean trypsin inhibitor and myoglobin as 
molecular weight markers. 
The SDS-poIyacrylamide gel electrophoresis was performed according to WEBER and 
OSBORN ( 1 9 6 9 ) . 
E n z y m e a s s a y 
The RNase activity was determined by the method of BERNARDI (1966) with some modi-
fications. The reaction mixture contained 250 mM of acetate buffer, pH 5.5, 0.5 mg of yeast 
RNA and enzyme preparation in a final volume 0.5 ml. The reaction was carried out at 318 K 
for 20 minutes and terminated by adding 2.5 ml of 2.5% ice cold TCA solution containing 
0.3% La(NOj)2 (UDVARDY, 1973). After centrifugation the absorbancy of the supernatant was 
measured at 260 nm and the acid soluble digestion products were determined. One unit of 
RNase activity was defined as the amount of the enzyme, producing a hydrolysate having 
1.0 absorbance at 260 nm in one hour reaction time. 
The assay conditions were the same, when the effects of different cations, EDTA, phenyl-
-methyl-sulphonyl-fluoride and iodoacctamide were investigated. 
Chemicals and biochemicals were reagent grade and purchased from REANAL (Buda-
pest). Markers used for gel electrophoresis and phcnyl-methyl-sulphonyl-fiuoride were obtained 
from SERVA. Sephadex G 50 was a product of Pharmacia, Uppsala, Sweden. 
P a r t i a l p u r i f i c a t i o n o f t h e R N a s e 
T h e R N a s e w a s pur i f i ed wi th a m m o n i u m - s u l f a t e s a t u r a t i o n a n d o n D E A E 
cel lulose c o l u m n . D u r i n g 60% a m m o n i u m - s u l f a t e s a t u r a t i o n 3 fo ld pur i f i ca t ion 
w a s a c h i e v e d a n d the e n z y m e r e m a i n e d in t he s u p e r n a t a n t . 
T h e d ia lysed s u p e r n a t a n t of 60% a m m o n i u m s u l f a t e s a t u r a t i o n w a s app l i ed 
t o a D E A E ce l lu lose c o l u m n (Fig . 1). T h e R N a s e w a s n o t b o u n d to t h e cel lulose 
h o w e v e r m a n y p r o t e i n s a n d nuc l e i c ac ids were t ight ly b o u n d a n d w e r e e lu ted on ly 
wi th a g r ad i en t of N a C l . D u r i n g this c h r o m a t o g r a p h y the specif ic ac t iv i ty of e n z y m e 





10 30 60 90 
effluent (ml) 
Fig. 1. DEAE cellulose chromatography of RNase. The dialysed supernatant of 60% satura-
tion of (NH,) ,SO, was applied to the column and eluted as described in the text. 
(• — •) protein (x — x ) RNase activity. 
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i n c r e a s e d b y 80 f o l d w i t h a 7 9 % r e c o v e r y o f a c t i v i t y . A l l a s s a y s , d e s c r i b e d b e l o w 
w e r e c a r r i e d o u t w i t h t h i s p a r t i a l l y p u r i f i e d e n z y m e p r e p a r a t i o n s . A s u m m a r y o f 
t h e p u r i f i c a t i o n p r o c e d u r e is g iven in T a b l e 1. 













Crude extract 950 1453 0.653 100 1 
Supernatant of 60% 
saturation with ( N H j l j S O , 915 468 1.95 96 3 
i i! eluted protein fractions 57 453 0.125 6 — UJ o o pi unbound protein fractions 750 14.3 52.3 79 80 
T h e e f f e c t o f t e m p e r a t u r e a n d p H o n t h e p a r t i a l l y 
p u r i f i e d R N a s e a c t i v i t y 
T h e t e m p e r a t u r e d e p e n d e n c e o f t he e n z y m e a c t i v i t y w a s d e t e r m i n e d b e t w e e n 
3 0 0 a n d 3 4 0 K ( F i g . 2) . A c c o r d i n g t o o u r r esu l t s , t h e e n z y m e a c t i v i t y w a s m a x i m a l 
b e t w e e n 3 1 3 a n d 3 2 3 K a n d w a s a s s a y e d a s a r o u t i n e a t 3 1 8 K . A t th i s t e m p e r a t u r e 
/ 
" 300 ' 320 ' 3C0 K 
Fig. 2. Effect of temperature on the enzyme activity. In the assays 1.5 unit of RNase was used. 
Reaction time was 20 minutes. 
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t h e ac t iv i ty w a s p r o p o r t i o n a l t o the t ime o f i n c u b a t i o n for 15-20 m i n u t e s a n d w a s 
p r o p o r t i o n a l to t h e a m o u n t e n z y m e . 
T h e effect o f p H o n the R N a s e ac t iv i ty w a s e v a l u a t e d in s o d i u m a c e t a t e a n d 
t r i s / H C l buf fe r s (F ig . 3). W e have f o u n d , t h a t R N a s e h a s a s h a r p m a x i m u m a t 
p H 5.5. 
Fig. 3. Effect of pH on the activity. The assays were carried out under standard conditions, 
except pH which was changed as specified in the figure. The buffers used were 50 mM 
sodium acetate and 50 mM tris/HCl. In the assays 1.5 unit of RNase was used. Reaction 
time was 20 minutes. 
T h e e f f e c t o f t e m p e r a t u r e o n t h e s t a b i l i t y 
T h e s p o n t a n e o u s i nac t iva t ion o f t he e n z y m e was assayed by f o l l o w i n g t h e 
r e m a i n i n g ac t iv i ty a t d i f f e r en t t e m p e r a t u r e s a t p H 5.5 (F ig . 4a ) . T h e e n z y m e in-
a c t i v a t i o n d id n o t f o l l o w a first o r d e r k ine t ic , it s eemed to be c o m p o s e d o f t w o p a r t s : 
a f a s t r eac t i on wh ich leads t o a b o u t 50% loss o f t he ac t iv i ty a n d a s e c o n d , very 
s l o w f u r t h e r inac t iva t ion process . T h e f a s t pe r iod of inac t iva t ion s h o w e d a l inear 
r e l a t i o n s h i p in s e m i l o g a r i t h m i c p lo t (F ig . 4b) . T h e ra te c o n s t a n t s of t he d e n a t u r a -
t i on p r o c e s s w a s d e t e r m i n e d f r o m the init ial s lope . T h e l o g a r i t h m u s of t h e r a t e c o n s -
t a n t s w e r e p l o t t e d a g a i n s t t he r ec ip roca l of t he a b s o l u t e t e m p e r a t u r e (F ig . 5). F r o m 
t h e l i nea r A r r h e n i u s p l o t t he ac t i va t ion e n e r e y of t he inac t iva t ion was c a l c u l a t e d as 
254 .93 k J / m o l e . 
T h e r e a r e few q u a n t i t a t i v e d a t a in t he l i t e ra tu re a b o u t t he t h e r m a l s t ab i l i t y 
o f v a r i o u s R N a s e p r e p a r a t i o n s . T h e k ine t ics o f s p o n t a n e o u s inac t iva t ion of R N a s e 
we c o u l d n o t c o m p a r e w i t h mesoph i l e o n e s o r o t h e r t h e r m o p h i l i c R N a s e s , b e c a u s e 
o f t he lack o f p u b l i c a t i o n s , dea l ing w i t h k ine t i c ana lys is . It s e e m s t h a t R N a s e s 
a r e relat ively s t ab le e n z y m e s . A c c o r d i n g to ARIMA (1968) R N a s e T 2 is s t a b l e f o r 
5 m i n u t e s a t p H 6.0 , 353 K , whi le R N a s e T , is ac t ive f o r 10 m i n u t e s a t p H 6.0 , 
3 7 3 K . T h e hea t res i s tance of these e n z y m e s h igher a t l ower p H , t h a n in a l k a l i n e 
m e d i u m . 
100 
U 5 6 7 8 9 ph 
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preincubation time (mm) 
Fig. 4a. The thermal inactivation of the bacterial RNase. Enzyme solutions (0.) mg/ml) were 
incubated at different temperatures. At appropriate intervals an aliquote of the enzyme 
solutions was taken and the reamining activity was measured. 
preincubation time (mint 
Fig. 4b. Temperature dependence of log remaining activity. Further details see text. 
T h e t h e r m a l d e n a t u r a t i o n of R N a s e T , w a s d e t e r m i n e d by MOTOHISA (1979) 
a n d f o u n d J H = 5 6 4 k J / M . C o m p a r i n g wi th these , t he ac t i va t ion e n e r g y o f R N a s e , 
inves t iga ted in o u r l a b o r a t o r y , s e e m s t o be n o t ex t remely h igh , a l t h o u g h it w a s 
i so la ted f r o m a f acu l t a t i ve t h e r m o p h i l i c bac te r ia l s t r a i n . 
E f f e c t o f m o n o a n d d i v a l e n t c a t i o n s o n t h e a c t i v i t y 
G e n e r a l l y R N a s e s r equ i r e n o m o n o or d i v a l e n t me ta l ions f o r ac t iv i ty . I t is 
wel l k n o w n , t h a t m o n o o r d iva l en t c a t i o n s c a n c o n s i d e r a b l y m o d i f y t h e s t r u c t u r e 
of R N A molecu l e , wh ich c a n a f fec t t he access ib i l i ty o f s u b s t r a t e b o u n d s t o t h e 
R N a s e o r t he re lease of p r o d u c t s f r o m c leaved R N A molecu l e s . 
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Fig. 5. Temperature dependence of the rate constants of thermal inactivation of RNase. The 
enzyme solutions were incubated in 50 m M ; pH 5.5 of acetate buffer. 
Fig. 6. Effects of ZnJ + , Cu a + and C a , + on the activity of bacterial RNase. Enzyme solution 
contained 0.2 mg/ml of proteins. 
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Table 2. Effect of mono and divalent cations on the 
enzyme activity. Enzyme solutions (0.2mg/ml 
containing different concentrations of various 
cations were incubated at 318 K, at pH 
5.5 for 20 minutes and the remaining ac-
tivity was measured. 
Metal Concentration mM 
Inhibition 
(%) 
M n ' + 0.1 19.6 




























T h e e f f ec t o f v a r i o u s c a t i o n s o n R N a s e a c t i v i t y a r e p r e s e n t e d in T a b l e 2 , a n d 
F i g . 6. A l m o s t in a l l c a s e s i n h i b i t i o n o f a c t i v i t y w a s o b s e r v e d a t c o n c e n t r a t i o n s 
b e l o w 1 m M . M g 2 + i ons d i d n o t e f f ec t t he r e a c t i o n r a t e . In t h e p r e s e n c e o f C a 2 + 
i o n s t h e e n z y m e a c t i v i t y i n c r e a s e d . E n h a n c e d a c t i v i t y w a s f o u n d b e l o w 1 m M 
c o n c e n t r a t i o n . F u r t h e r i n c r e a s e o f t h e C a 2 + c o n c e n t r a t i o n h a d n o f u r t h e r a c t i v a t i n g 
e f f e c t ( n o t s h o w n o n t h e f i gu re ) . 
M o l e c u l a r w e i g h t 
T h e m o l e c u l a r w e i g h t o f R N a s e w a s 3 0 9 0 0 a s e s t i m a t e d b y S e p h a d e x gel f i l t r a -
t i o n . T h e m e a s u r e m e n t s , u s i n g S D S p o l y a c r y l a m i d e gel e l e c t r o p h o r e s i s g a v e s i m i l a r 
r e su l t s a m o l e c u l a r w e i g h t o f 3 0 0 0 0 . 
T h e m o l e c u l a r w e i g h t o f m i c r o b i a l R N a s e s v a r y i n g f r o m 10000 t o 4 0 0 0 0 . M o l e -
c u l a r w e i g h t o f R N a s e o f Bac i l l u s c e r e u s w a s f o u n d 3 0 0 0 0 . T h e R N a s e s i s o l a t e d 
f r o m A s p e r g i l l u s o r y z a e a n d U s t i l a g o s p h a e r o g e n a h a d a m o l e c u l a r w e i g h t o f 10000 . 
E f f e c t o f s p e c i f i c c h e m i c a l r e a g e n t s o n R N a s e 
T h e c a r b o x a m i d o m e t h y l a t i o n o f R N a s e a t p H 5.5 — a f t e r a s l igh t a c t i v a t i o n — 
m e a s u r e d a t a b o u t 1 0 - 8 M c o n c e n t r a t i o n of r e a g e n t — c a u s e d i n h i b i t i o n o f a c t i v i t y . 
T h e c a r b o x a m i d o - m e t h y l a t e d r e s i d u e m i g h t h a v e b e e n e s s e n t i a l f o r t h e c a t a l y t i c 
a c t i v i t y ( F i g . 7). 
In s o m e f u n g a l R N a s e s a c t i v a t i o n w a s o b s e r v e d a f t e r p r e t r e a t m e n t w i t h i o d o -
a c e t i c a c i d o r i o d o a c e t a m i d e (ARIMA, 1968). T h e e f f e c t o f p h e n y l - m e t h y l - s u l p h o n y l -
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Fig. 7. Effect of phenyl-methyl-sulphonyl-fluoride (PMSF), iodoacetamide and EDTA on 
RNase activity. Assay conditions were those described in the Methods section, 
(x—x PMSF; A A iodoacetamide; O O EDTA). 
fluoride w a s d e t e r m i n e d a t c o n c e n t r a t i o n f r o m 1 0 - 8 t o 1 0 - 2 M . T h e pheny l -
-me thy l - su lphony l - f l uo r ide inh ib i ted t h e e n z y m e act iv i ty , wh ich sugges t t h a t seryl 
s ide c h a i n s m a y h a v e i m p o r t a n t r o l e in t he m e c h a n i s m of t he ca ta lys is . 
T h e R N a s e ac t iv i ty w a s to ta l ly a b o l i s h e d by the a d d i t i o n o f EDTA. T h i s ind ica te , 
t ha t th i s e n z y m e is an R N a s e o f m e t a l l o p r o t e i n t ype . 
T h e d a t a p r e s e n t e d s h o w t h a t t he f acu l t a t i ve t h e r m o p h i l i c bac te r i a l R N a s e 
has p r o p e r t i e s s imi la r t o B. cereus R N a s e in respec t t o inac t iva t ion b y EDTA a n d 
m o l e c u l a r w e i g h t R U S H I Z K Y ( 1 9 6 4 ) a n d C a 2 + a c t i v a t i o n S H I I O ( 1 9 6 6 ) . 
T h e p r o p e r t i e s of e n z y m e w e r e a l s o s imi la r to R N a s e o f R h i z o p u s in respec t 
t o s t ab i l i ty a n d inh ib i t ion by m o n o o r d iva l en t c a t i ons , h o w e v e r this l a t t e r e n z y m e 
w a s n o t i n h i b i t e d b y E D T A (TOMOYEDA e t a l . 1 9 6 9 ) . 
As a b o v e de t a i l ed e x p e r i m e n t a l resul ts s h o w o u r R N a s e p r e p a r a t i o n o f JB-1 
bac te r ia behaves " u n i f o r m l y " t o w a r d s t h e inh ib i to r s , i.e. al l i nh ib i t o r s c a u s e d 
prac t ica l ly c o m p l e t e loss o f e n z y m e ac t iv i ty a n d n o h e t e r o g e n i t y c o u l d h a v e been 
ind ica t ed . T h e a p p a r e n t h e t e r o g e n e o u s b e h a v i o u r of t he e n z y m e p r e p a r a t i o n in 
t he hea t inac t iva t ion e x p e r i m e n t s (F ig . 4 ) m i g h t reflect t he ex is tence o f t w o f o r m of 
d i f fe ren t s t ab i l i ty of o n e e n z y m e , o r t he ex is tence of t w o enzymes wi th s imi la r ac t ive 
site bu t wi th d i f f e ren t c o n f o r m a t i o n a l s tab i l i ty . If o n l y o n e e n z y m e exists in t he 
bac te r i a , e i the r th i s e n z y m e c o u l d occur in t w o c o n f o r m a t i o n a l (or q u a t e r n e r 
s t r u c t u r a l ) f o r m s of d i f f e ren t s tab i l i ty a n d d i f f e ren t ca ta ly t i c ac t iv i ty o r t he e n z y m e 
o c c u r s u n d e r n o r m a l c o n d i t i o n s in a m o r e ac t ive b u t less s tab i le f o r m a n d t h e hea t 
t r e a t m e n t causes its t r a n s f o r m a t i o n to a less ac t ive bu t m o r e s t ab i l e f o r m . T h e 
f u r t h e r inves t iga t ion of t he p rob l em is in p rog res s in o u r l a b o r a t o r y . 
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A b s t r a c t 
One of the most intact areas of the ancient land unit of sandy forest-steppe character in the 
southern part of the region between the Danube and the Tisza is the conservation area of Emlék-
erdő at Ásot thalom about 30 km west of Szeged. This area has even been exempted f rom grazing. 
It was placed under protection many decades ago. Consequently, its plant communities land 
themselves particularly well for performing hydroecological investigations. 
1. In the open steppe grass stand of Festucetum vaginatae on the humus-poor and quick 
sand hills and ridges, the subassociation of Stipa borysthenica dominates today. Its character 
species belong to the components 2 and 3 of steno-xerophytes. 
2. In the spaces among the drying sand-hills of humus sandy surface soil, three sub-associa-
tions of Festuco rupicolae-Salicetum rosmarinifoliae can be differentiated. The species of their 
closed grass stands belong to steno-xerophyte 3 and asteno-xerophyte 1 categories on the basis 
of their contributions to coverage. 
3. The differentiation of the subassociations of Festuco (Querco)-Populetum albae on 
humus sandy surface soil with buried brown forest soil seems to be related t o the water and 
nutrient supply of the humus layer near the surface. 
The regulation of internal waters resulted in the gradual sinking of the underground water 
level. Today the white and grey poplar stands are no more able to regenerate and are doomed 
to slow extinction. It is evident that the saving of the protected area is a very important task. 
I n t r o d u c t i o n 
T h e n a t u r e c o n s e r v a t i o n a r e a ca l l ed E m l é k e r d ő a t A s o t t h a l o m is o n e o f t h e 
o l d e s t p r o t e c t e d a r e a s in t h e s o u t h e r n p a r t o f t h e G r e a t H u n g a r i a n P l a i n b e t w e e n 
the D a n u b e a n d t h e T i s z a . T h i s a n c i e n t s a n d y f o r e s t - s t e p p e re l ic t ( K i s s 1915) le f t 
u n t o u c h e d f o r a b o u t a c e n t u r y a n d e x e m p t e d e v e n f r o m g r a z i n g p r o v e d t o be v e r y 
s u i t a b l e f o r t h e b i o c e n o t i c a l a n d e c o l o g i c a l i n v e s t i g a t i o n o f t h e f a u n a (CSIZMAZIA 
1979) a n d flora (BODROGKÖZY 1957) o f t h e s a n d y f o r e s t - s t e p p e o f t h e P l a i n . A r e p o r t 
o n t h e c o m p o s i t i o n , s o i l e c o l o g i c a l c o n d i t i o n s o f t h e g r a s s s t a n d s a n d p o p l a r f o r e s t s 
c o v e r i n g i ts s a n d - h i l l s a n d t h e s p a c e s b e t w e e n t h e h i l l o c k s w a s p u b l i s h e d 2 5 y e a r s 
a g o ( ) . I n t h i s p a p e r t h e r e su l t s o f i n v e s t i g a t i o n s p e r f o r m e d ea r l i e r w e r e a l s o 
s u m m a r i z e d . T h e a i m o f t h e p r e s e n t s t u d y w a s t o e x p l o r e t h e h y d r o e c o l o g i c a l 
p r o p e r t i e s o f t h e p h y t o c e n o s e s in t h i s p r o t e c t e d a r e a b y t h e a p p l i c a t i o n o f i m p r o v e d 
m e t h o d s a n d r eg i s t e r t h e c h a n g e s w h i c h h a v e t a k e n p l a c e in t h e l a s t t e n y e a r s . 
BABOS'S w o r k (1955) d e a l s w i t h t h e f o r m a t i o n o f t h e s a n d y f o r e s t - s t e p p e in 
t he r e g i o n b e t w e e n t h e D a n u b e a n d t h e T i s z a a n d t h e f o r e s t s t a n d s t h e r e . 
T h e d i v e r s i f i c a t i o n o f t h e rel ief in t h i s a r e a is d u e t o t h e f ac t t h a t t h e D a n u b e h a d 
r e t r e a t e d f r o m e a s t t o t h e w e s t in g e o l o g i c a l t i m e s a n d t h e g r e a t m a s s o f fluviatile 
s a n d it l e f t b e h i n d w a s c a p r i c i o u s l y r e a r r a n g e d b y t h e w i n d . T h e u n d e r g r o u n d w a t e r 
t a b l e l o c a t e d o n c e a t a h i g h e r level r e s u l t e d in t h e f o r m a t i o n o f b o g s in t h e s p a c e s 
b e t w e e n t h e s a n d - h i l l s . T h i s c a u s e d t h e s h a r p d i f f e r e n t i a t i o n o f t h e v e g e t a t i o n o n 
t h e s a n d - h i l l s f r o m t h a t o n t h e w i n d - f o r m e d r idges . F o r t h e f a v o u r a b l e w a t e r s u p p l y , 
t he a n c i e n t f o r e s t s t a n d s o f t h e s a n d y f o r e s t - s t e p p e w e r e m a d e u p o f ga l l e ry f o r e s t s 
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of Convallario-Quercelum roboris and Festuco-Quercetum roboris. The unfavourable 
e n v i r o n m e n t a l ef fec ts p r o d u c e d pa r t l y by b o g s c h a r a c t e r i z a b l e by h e l o p h y t e s a n d 
p a r t l y by s a n d r idges c o v e r e d w i t h t he o p e n s t a n d s o f x e r o p h y t e s of s a n d y s t e p p e , 
p r e v e n t e d t he d e v e l o p i n g o f c o n t i n u o u s fo re s t s t a n d s . 
T h e s e anc ien t o a k - f o r e s t s h a v e d i s a p p e a r e d n o t o n l y f r o m the e n v i r o n s o f 
Szeged, bu t a r e a l s o very s e l d o m f o u n d in t he G r e a t P la in . T h e b e c o m i n g m o r e 
a r id of t he c l ima t e , a n d the intensif ied regu la t ion of i n t e rna l wa te r s d u r i n g t h e las t 
c e n t u r y h a v e c a u s e d the lower ing of t he u n d e r g r o u n d w a t e r level. T h e pe r i shed o a k 
s t a n d s a n d t h o s e o n e s wh ich fell vict im t o t he inc reas ing p e n u r y of t imer in t h e p l a i n s 
in t he c o u r s e o f h i s tor ica l t imes , we re rep laced by Populus alba a n d P. canescens. 
By vege ta t ive p r o p a g a t i o n these h a v e surv ived as well as s o m e o f the c h a r a c t e r i s t i c 
r ep resen ta t ives o f t he h e r b a n d s h u r b s t r a t a of t he o a k s t a n d s . T h e r e s p o n s e s o f 
s o m e s a n d y - s t e p p e p h y t o c e n o s e s t o increas ing d r y n e s s of so i l a s well a s t he c h a n g e s 
in species c o m p o s i t i o n of these p h y t o c e n o s e s c a n be e v a l u a t e d o n l y in t h e k n o w l e d g e 
of t he h y d r o e c o l o g i c a l d e m a n d s resp . t o l e r ance o f each species . T h e s e va lues f o r 
the cha rac t e r i s t i c species o f t h e s ingle s t a n d s c a n be d e t e r m i n e d in t he s a m e w a y 
as t he c o n t r i b u t i o n s of species be long ing t o a p a r t i c u l a r hyd roeco log i ca l c a t e g o r y 
to to ta l cove rage . G r a p h s p l o t t e d o n the basis of t h e va lues f u r t h e r t he be t t e r u n d e r -
s t a n d i n g of these r e l a t ionsh ips . 
M a t e r i a l s and M e t h o d s 
In the nature conservation area of sandy forest-steppe type at Asotthalom, the sociological 
and hydroecological conditions of three associations and their smaller subunits were investigated 
with special regard to those physical and chemical parameters of the soil which influence princi-
pally the seasonal changes of the subunits. 
In this paper only the results obtained during 1980 will be presented. 
The distribution of soil fractions should be regarded as one of the most important influ-
encing factors. For fractionation of soil the hydrometer method was used and complemented with 
sieving. The values for organic matter content, calcium carbonate content and the hy value were 
determined in early summer and late summer. Soil moisture was also measured. 
The scales of ELLENBERG and Z6LYOMI et al. for the expression of moisture demand and 
tolerance are commonly used in our country (Soo, 1964—80). This system contains ten categories 
and also a group of indifferent species. The hydroecological data collected and evaluated during the 
phytocenological and synecological investigations in the Great Plain for about 30 years alloved 
a more detailed hydroecological categorization of the species of the single phytocenoses. It was 
considered reasonable to eliminate the group of indifferent species, since each of its representatives 
can be listed into a suitable category. The single groups were marked with the abbreviated forms 
of their Latin names instead of numbers. 
T h e new c l a s s i f i c a t i o n is t he f o l l o w i n g : 
1. hd ( h y d a t o p h y t e s ) species growing submersed or floating on the surface of standing 
and slowly flowing waters as well as species attached to some firm substrate. 
2. hhe ( h y d a t o - h e l o p h y t e s ) species growing in the littoral. 
3. he ( h e l o p h y t e s ) species in damp, temporarily flooded habitats. 
4. hhg ( h e l o - h y g r o p h y t e s ) species of very humid, marshy, silty habitats. 
5. hg ( h y g r o p h y t e s ) species growing in moist environment. 
6. mhg ( m e s o - h y g r o p h y t e s ) species inhabiting slightly damp habitats. 
7. m ( m e s o p h y t e s ) species growing in medium dry situations. 
8. xm ( x e r o - m e s o p h y t e s ) species in drying habitats with a wide spectrum of hydro-
ecological adaptability. 
9. ax ( a s t e n o - x e r o p h y t e s ) species growing on dry soils. 
10. sx ( s t e n o - x e r o p h y t e s ) species living in very dry situations (Species of low competi-
tiveness on sand-hills, rocky slopes and loess ridges). 
Further improving of the system was thought justified for the transitions. In the interest 
of that three sub-types were differentiated in each category. These were marked with figures. 
In this way. by using 28 sub-types, it was easy to solve the problems emerged (1 = transition to 
the previous category, 3 t r a n s i t i o n to the next category). 
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For the identification of a particular species, it is very useful to plot the hydroecological 
graph of the species. 
On the basis of literary and own data, namely, it is possible to determine the minimum 
and maximum points of the graphs for each species. The higher the percentual value for the 
maximum point, the nearer the minimum points to one another, i.e. the more characteristic 
the species from the aspect of hydroecology (their tolerance interval is narrow). In addition to 
the hydroecological characteristics for the single species, those for a particular phytocenosis 
can also be determined by means of the plotted graphs for the single species components. The 
complex graph can be plotted partly on the basis of species belonging to the single categories, 
partly on that of their contributions to cover. 
It is desirable, however, to determine also the moisture content of the soil of each phyto-
cenosis parallel with categorization. Differently from the practice adopted in the past when 
conclusions were drown on the basis of a single analysis, during these studies it was found more 
useful to take into account also the moisture content of the soil and express it in the percentage 
of wet resp. dry soil. These values were finally converted to lit d m I n these analyses un-
disturbed sampling conditions were maintained. These three values for moisture content will be 
even more suggestive if in their graphical illustration their ratios are also considered (Fig. 3). 
Discussion 
C e n o s y s t e m a t i c a l c a t e g o r i z a t i o n of p lan t a s soc ia t ions on the s a n d y fo re s t -
s t e p p e of t he p r o t e c t e d a r ea E m l é k e r d ő (Soó , 1956, 1965-1980) : 
F E S T U C O - B R O M E A J a k u c s 67 
F e s t u c e t e a v a g i n a t a e S o ó 57 
Festuceta l ia vag ina tae S o ó 57 
Festucion vaginatae Soó 29 
Festucetum vaginatae ( R A P C S . 2 3 ) S o ó 2 9 danubialae S o ó 2 9 
— — f e s t u c e t o s u m v a g i n a t a e ( t y p i c u m ) MAGYAR 33 
— — s t i p e t o s u m b o r y s t h e n i c a e ( = s a b u l o s a e ) (KERN 1863) S o ó 39 
— — p o p u l e t o s u m a l b a e - s t o l o n i f e r a e S o ó (29) 39 
Festuceta l ia valesiacae S o ó 57 
Festuco (rupicolae) — Salicetum rosmarinifoliae ( M A G Y A R 3 3 ) n .n . 
(Syn.: Festucetum vaginatae salicetosum rosmarinifoliae) 
— — f e s t u c e t o s u m v a g i n a t a e (n .n . ) 
— — f e s t u c e t o s u m r u p i c o l a e ( t y p i c u m , n .n . ) 
— — p o e t o s u m a n g u s t i f o l i a e (n .n ) 
— — m o l i n i e t o s u m c o e r u l e a e (n .n . ) 
Q U E R C O - F A G E A J a k u c s 67 
Q u e r c e t e a p u b e s c e n t i s - P e t r a e a e ( O b e r d . 48) J a k u c s 60 
Querce ta l i a pubescentis Br-Bl. 31 
Aceri tatarico-Quercion Z Ó L Y O M I et J A K U C S 63 
Festuco (Querco)-Populetum ( S o ó n . p r o v . 7 1 ) B O D R K . (57) 8 1 
— — c a l a m a g r o s t e t o s u m (n .n . ) 
— — f e s t u c e t o s u m r u p i c o l a e ( t y p i c u m , n .n . ) 
— — s a l i c e t o s u m r o s m a r i n i f o l i a e (n .n . ) 
S t r u c t u r e a n d syneco logy of t he s ingle a s soc ia t ions a n d their s u b - u n i t s (F ig . 1). 
Festucetum vaginatae ( R A P C S . 23) S o ó 29/39 danubiale S o ó 29/39. 
T h e fluvial s a n d d e p o s i t e d a n d la te r left beh ind by t h e D a n u b e re t rea t ing f r o m 
the eas t e rn p a r t o f t he p la in to t he wes t m a y have b e c o m e eol i t ic a f t e r d r y i n g a n d 










Fig. 1. Zonal distribution of plant communities in the area of investigation. 
w a s del ivered t o s h o r t e r o r longer d i s t ances by t h e w i n d . A f t e r severa l r e a r r a n g e -
m e n t s , it f o r m e d hil ls , b a r k h a n s (BABOS, 1955). D u r i n g th i s p rocess , the c o a r s e 
f r a c t i o n s e p a r a t e d o u t a n d the s a n d mass a r r i v ing t o Szeged w a s of m e d i u m fine 
f r a c t i o n . In t h e w e s t e r n a r e a s o f t h e region be tween t h e D a n u b e a n d t h e T i s z a , t h e 
c o a r s e s a n d f r a c t i o n p r e d o m i n a t e s pr inc ipa l ly (SZABÓ, 1973). I n o u r a r e a , j u s t a s 
in t he o t h e r s a n d y a r e a s of o u r c o u n t r y , i ts s t a n d s o c c u r o n t h e sand-h i l l s a n d h i g h e r 
s a n d r idges f o r m i n g the re o p e n grass a s s o c i a t i o n s (HARGITAI, 1940; ZSOLT, 1943 
ZÓLYOMI, 1 9 5 8 ; BORHIDI , 1 9 5 6 ; BODROGKÖZY, 1 9 5 6 , 1 9 5 7 ; SIMON, 1 9 6 2 ; PRÉCSÉNYI , 
1 9 6 1 , 1 9 6 3 ; SZODTFRIDT e t a l . , 1 9 6 8 ; K O V Á C S - L Á N G a n d SZABÓ, 1 9 7 1 ) , i n w h i c h 
t h e moss- l ichen s y n u s i u m can a s s u m e a d o m i n a n t role . VERSEGHY a n d KOVÁCS-
LÁNG (1974) s tud ied t he s t r u c t u r e a n d p r o d u c t i o n of th i s a s soc i a t i on . T h e s e s tud i e s 
were c o n c e n t r a t e d o n l y o n the h e r b s t r a t u m . 
It h a s m o r e t h a n o n e s u b a s s o c i a t i o n s o n t h e h ighe r sand-h i l l s a n d s a n d r idges 
a t A s o t t h a l o m : 
F. v. f e s t u c e t o s u m v a g i n a t a e ( typ icum) MAGYAR 3 3 
A q u a r t e r of a c e n t u r y a g o this was the d o m i n a n t s t e p p e grass var ie ty . T o d a y 
it is f o u n d o n l y o n the lower r idges. T h e d i s t r i b u t i o n o f i ts species a c c o r d i n g t o t he 
h y d r o e c o l o g i c a l ca t egor i e s is t he f o l l o w i n g : 
T h o u g h the species be long ing to t h e s u b g r o u p o f t yp ica l s t e n o - x e r o p h y t e s (sx2) 
exceed the sx3 species in respec t of species n u m b e r , e v a l u a t i o n o f the i r c o n t r i b u t i o n s 
t o t h e c o v e r a g e p o i n t s to t he a d v a n t a g e of t he l a t t e r o n e s ( T a b l e 1). D u r i n g t h e last 
q u a r t e r of a c e n t u r y , Slipa capillala of the s x 2 t y p e h a s b e c o m e g r a d u a l l y fac ies -
f o r m i n g t o g e t h e r w i t h a x 3 Calamagroslis epigeios. T h e l a t t e r h a s t w o e c o t y p e s : 
t h e a s t e n o - x e r o p h y t e type g r o w i n g o n d r y h a b i t a t s a n d the h y g r o - m e s o p h y t e ( h g l ) 
o n e o c c u r r i n g in m o r e h u m i d e n v i r o n m e n t a l o n g t h e r iver . I t s o c c u r r e n c e in c l e a r i n g 
vege ta t ion is o n l y t r a n s i t o r y . 
T h e x e r o - m e s o p h y t e s exh ib i t g rea t species n u m b e r s a n d low D va lues . T h e s e 
b e l o n g m a i n l y t o s u b g r o u p x m 3 , a n d their a d a p t a b i l i t y is g r e a t e r t h a n t h a t o f x m l 
Scab iosa o c h r o l e u c a , G a l i u m v e r u m etc . ( T a b l e 1). 
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Table 1. Fesiucetum vaginatae danubiale stipetosum borystenicae (1), festucetosum vaginatae (2) populetosum 
albae (3) 
Subass.: 1 2 3 
H Festucion vaginatae 
S t e n o - x e r o p h y t a : 
sx3 F 2 T 4 Festuca vaginata N 1 
H Festucion vaginatae Slipa boryslhenica sx3 F 2 T 3 -4 N 1 
H Festucion vaginatae Euphoria seguieriana sx3 F 1 - 2 T 3 N 1 
H Festucion vaginatae Tragopogon floccosum sx3 F 1 - 2 T 4 N 2 - 3 
H Festucion vaginatae Alkanna tinctoria sx3 F 1 T 4 -5 N 1 
N Festucetalia vaginatae Fumaria procumbens sx3 F 1 - 2 T 4 N 1 
H Festucion vaginatae Dianlhus diutinus sx3 F 1 - 2 T 4 N 1 
G Festucetalia vaginatae 
H Festucion vaginatae 













H Festucion vaginatae Koeleria glauca sx2 F 2 T 3 N 2 
H Festucion vaginatae Centaurea arenaria ssp. 
tauscheri sx2 F 2 T 4 N 1 
H Festucion vaginatae Syrenia cana sx2 F 2 T 4 N 1 
H Festucion vaginatae Onosma arenaria sx2 F 1 - 2 T 4 N 1 
Ch Festucion vaginatae Dianlhus serolinus sx2 F 1 - 2 T 4 N 1 
Ch Festucetalia valesiacae Thymus marschallianus sxl F 1 - 2 T 3 N 1 
Th Festucion vaginatae Salsola kali ssp. ruthenica sxl F 1 - 2 T 3 N 0 
G Festucetalia valesiacae Equisetum ramosissimum sxl F 2 T 3-4 N 0 
Th Bromion tectorum Secale silveslris sxl F 1 - 2 T 4 N 1 
A s t e n o - x e r o p h y t a : 
H Populetalia 















N 2 - 3 
N 2 
Th Festucion vaginatae Polygonum arenarium ax2 F 1 - 2 T 4 N 1 - 2 
Th Bromion tectorum Tragus racemosus ax2 F 2 T 4 -5 N 2 
Ch Festucetalia valesiacae Artemisia campestris axl F 2 T 2 N 2 
G Festuco-Bromea Cynodon dactylon axl F 2 T 3 -4 N 3 
Th Festucetalia valesiacae Minuartia glomerata sxl F 1 - 2 T 4 N 1 - 2 
Th Festucion vaginatae 
H Festuco-Brometea 
H Festucetalia vaginatae 
Alyssum tortuosum sxl 
Phleum phleoides axl 










Ch Festuco-Brometea Teucrium chamaedrys axl F 1-2 T 2 N 2 
H Festucetalia valesiacae Minuartia verna axl F 1-2 T 0 N 1 - 2 
Ch Festucetalia valesiacae Alyssum montanum ssp. 
gmelini axl F 2 T 3 N 1 
H Festucetalia valesiacae Chrysopogon gryllus axl F 2 T 3-4 N 2 
X e r o - m e s o p h y t a : 
H Festucetalia Poa angustí/olía xm3 F 3 T 0 N 3 
Th Festuco-Bromea Arenaria serpyllifolia xm3 F 2-3 T O N 2-3 
H Festuco-Brometea Eryngium campestre xm3 F 1 T 4 N 2-3 
H Festuco-Brometea Scabiosa ochroleuca xm3 F 1-2 T 3 -4 N 1 
Th Festuco- Brometea Odonlites lútea xm3 F 2 T 4 N 1 - 2 
H Festuco-Brometea Euphorbia cyparissias xm3 F 1 - 2 T O N 0 
H Festucetalia valesiacae Astragalus onobrychis xm3 F 1 T 3 N 1 
H Festucion vaginatae Chondrylla júncea xm3 F 2 - 3 T 4 N 2 
Th Festucetalia valesiacae Medicago mínima xm3 F 1 - 2 T 1 - 2 N 2 
Th Festuco-Brometea Erophila verna xm3 F 2-3 T O N 1 - 2 
Th Festuco-Brometea Calamintha acynos 
Th Chenopodio-SclerantheaCame/ina microcarpa 
xm3 
xm3 
F 1 - 2 
F 2-3 
T 2 - 3 
T 3 
N 2 
N 2 - 3 • M M M W M • • • • • • • • • • a 
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Subass. : 1 2 3 
Th Sccalictea Crepis rhoeadi/olia 
Diunlhus ponlederue 
Consolida regalis 
Iris humiiis ssp. arenaria 
Galium verum 
xm3 F 2 - 3 T 4 N ? 3 
H Festucetalia \alesiacae xm2 F 2 T 4 N ? 
Th Secalieica xm2 F 2 T 3 N 2 
G Fcstucetalia valcsiacae xm2 F 2 T 3 N 1 2 
H Fcstuco-Broir.eica xml F 0 T 2 3 N 1 2 
















S i g n e s u s e d (D%) 
F.v. s t i p e t o s u m b o r y s t h e n i c a e (KERN. 1863) S c 6 3 9 c o r r . n . 
I t is f o u n d o n t h e d r y e s t s a n d - h i l l s a n d s a n d r i d g e s in o u r a r e a . D u r i n g t h e l a s t 
d e c a d e s it h a s g a i n e d g r o u n d c o n s i d e r a b l y (BODRCGKOZY, 1957). T h i s is l ikely t o b e 
r e l a t e d t o t h e m o r e i n t e n s i v e d r y i n g o f s a n d y a r e a s a s a c o n s e q u e n c e o f t h e o p e r a t i o n 
o f t h e c a n a l s y s t e m s in t h e i n t e r e s t o f r e g u l a t i n g i n t e r n a l w a t e r s . 
S e a s o n a l c h a n g e s o f i t s e n v i r o n m e n t a l f a c t o r s 
In t h e o r g a n i s m a t t e r - p o o r , m e d i u m f ine s a n d y so i l o f i ts s t a n d s ( F i g . 4 ) t h e 
c lay-s i l t f r a c t i o n is m i n i m a l : i ts a b i l i t y t o b ind p r e c i p i t a t i o n is s m a l l . S t u d i e s p e r -
f o r m e d by SZAB6 (1973) a r e a l s o in s u p p o r t o f t h a t . T h e s m a l l d i f f e r e n c e b e t w e e n 
t h e c o u r s e s o f t he g r a p h s f o r s o i l m o i s t u r e e x p r e s s e d in t h e p e r c e n t a g e s o f d r y a n d 
w e t so i l w e i g h t t h r o u g h o u t t h e v e g e t a t i o n p e r i o d a l s o i n d i c a t e s t h a t . A t t h e s a m e 
t i m e , in t h e v e r n a l a s p e c t , p r e c i p i t a t i o n is a b u n d a n t , t h e n u m b e r o f s u n n y h o u r s 
o f t h e d a y d e c r e a s e s ( d u r i n g 2 0 d a y s b e f o r e t h e e x a m i n a t i o n 6 4 m m : F ig . 2. 3) . 
D e s p i t e r e p e a t e d a t m o s p h e r i c p r e c i p i t a t i o n in e a r l y s u m m e r , 1980, t h e w a t e r 
r e g i m e a p p e a r e d t o be u n f a v o u r a b l e , b u t f o r t h e l o w d e a d w a t e r c o n t e n t , t h e g r a s s 
s t a n d w a s s t i l l g r e e n . By t h e e n d o f A u g u s t , h o w e v e r , t h e v a l u e f o r s o i l m o i s t u r e 
n e a r t h e s u r f a c e w a s o n l y 0.01 lit d m - 3 a n d t h e v e g e t a t i o n w a s d i s c o l o u r e d . 
H y d r o e c o l o g i c a l c h a r a c t e r i z a t i o n o f i t s s p e c i e s 
T h e n u m b e r o f sx s p e c i e s is g r e a t e r re la t ive t o t h e t y p e ; c o n c e r n i n g c o n t r i b u t i o n 
t o c o v e r a g e , Slipa borysthenica d o m i n a t e d . I t s g a i n i n g g r o u n d a t t he e x p e n s e o f 
Festuca vaginata s e e m s t o b e r e l a t e d t o t he i n c r e a s i n g d r y i n g o f t h e e n v i r o n m e n t 
( F i g . 5) . 
S i m i l a r l y t o t h e t y p e , t h e n u m b e r o f x e r o - m e s o p h y t e s w i t h w i d e r e c o l o g i c a l 
a d a p t a b i l i t y is g r e a t e r , b u t t h e i r t o t a l c o n t r i b u t i o n t o c o v e r is s m a l l e r . T h e s e b e l o n g 
m o s t l y t o x m 3 s u b g r o u p a n d h a v e g r e a t e r r o o t i n g d e p t h s . S u c h a r e e .g . Chondrilla 
juneca, Eryngium campeslre e t c . O f t h e t h e r o p h y t e s o n l y t h o s e s u r v i v e d , w h i c h 
b l o o m u n d e r t h e m o r e f a v o u r a b l e h y d r o e c o l o g i c a l c o n d i t i o n s o f t h e v e r n a l a s p e c t , 
as Arenaria serpyllifolia, Erophila verm, Medicago minima, etc. 
T h e 19 s t e n o x e r o p h y t e s a r e s p e c i e s o f F e s t u c i o n v a g i n a t a e f r o m t h e v i e w p o i n t 
o f c e n o s y s t e m a t i c s , a p a r t f r o m a f e w e x c e p t i o n s . O n e o f t h e m o s t i m p o r t a n t m e m b e r s 
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Fig. 2. Diel rhythm of the components in the vegetation period of 1980. 
A: Distribution of sunlit and cloudy hours, B: Daily maxima and minima of air tempera-
ture, C: Precipitation in March. April, May, June. July, August, September and October. 
» % 
.« Ht/drn3 
a the percentage of moist soil weight 
b the percentage of dry sol weght 
c lit water drrfisol 
Fig. 3. Changes of moisture dynamics in the humus-poor quick sand profile of hill top soil in 
the vernal resp. aestival aspect in 1980. 
a : the percentage of moist soil weight; b: the percentage of dry soil weight; c: lit water 
d m - ' soil. 
of th i s s u b a s s o c i a t i o n f r o m the a spec t of n a t u r e c o n s e r v a t i o n is Dianthus diutinus 
t he e n d e m i c species of t he s andy s t eppes be tween the D a n u b e a n d the Tisza . R e c e n t l y 
it h a s d i m i n i s h e d cons ide rab ly . 
F. v. p o p u l e t o s u m a lbae -canescen t i s ( S o 6 ) 29 /39 
T h e t w o p o p l a r species Populus alba a n d P. canescens c an even ascend the l o w e r 
sand-h i l l s a n d s a n d r idges by m e a n s of the i r s p r o u t s . F o r t he unsuf f ic ien t n u t r i e n t 
a n d m o i s t u r e supp ly , howeve r , t h e y c a n o n l y f o r m s h r u b b e r i e s there . O w i n g t o 
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Fig. 4. Physical, chemical and water dynamical condit ions in the soil profile of the plant 
community on sand hill top in 1980. 
— Fesfuca vagirata 
— Fumona pcocumbens 
— Shpa borys/hecca 
— C orex hporicarpos 
Euphortxo segt*ericna 
Arternsto campestrts 
Fig. 5. Hydroecological graphs for the species components of open sandy steppe 
mhg: mesohygrophyton, m : mesophyton, xm: xeromesophyton, ax: astenoxerophyton, 
sx: stenoxerophyton. 
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their s h a d i n g e f fec t several s u c h species a p p e a r w h i c h were miss ing f r o m t h e f o r m e r 
t w o s u b a s s o c i a t i o n s , o r o c c u r o n l y spa rse ly t he re as P o a angus t i fo l i a and the fac ies-
f o r m i n g a x 3 C a l a m a g r o s t i s epigeios ( T a b l e 1). T h e l a t t e r o n e h a s increased in t h e 
las t q u a r t e r of a c e n t u r y a n d c o n t r i b u t e d to t he f u r t h e r d r y i n g of t he h ab i t a t . A n a -
lytical d a t a p e r t a i n i n g t o t he c o n d i t i o n of its so i l a r e k n o w n (BODROGKÖZY, 1975). 
Festuco rupicolae-Salicelum rosmarinifoliae ( M A G Y A R 3 3 ) n . n . 
Be fo re t h e r egu l a t i on of i n t e rna l w a t e r s , t h e u n d e r g r o u n d w a t e r t ab l e lying 
h ighe r in t he s a n d y a r e a s of t he reg ion be tween t h e D a n u b e a n d the Tisza c o m p l e -
m e n t e d w i t h t he a c c u m u l a t i n g s t a g n a n t w a t e r s resu l ted in t he f o r m a t i o n of m a r s h e s 
be tween the sand-h i l l s . T h e s t a n d s o f Molino-Saiicetum rosmarinifoliae ( M A G Y A R 33) 
S o ó 57 m a d e u p of M o l i n i o n a n d A g r o s t i o n c o m p o n e n t s dr ied o u t g radua l ly a s 
a c o n s e q u e n c e of t h e lower ing of u n d e r g r o u n d w a t e r level , giving p l ace for t h e species 
of Fes tuce t a l i a a n d F e s t u c o - B r o m e t e a . 
T h e o x i d a t i o n of h u m u s in its soil as wel l a s t he s e c o n d a r y s a n d cover in s o m e 
places , c a u s e d the species of Fes tuce ta l i a , m o r e o v e r t h o s e of Fes tuc ion v a g i n a t a e 
to b e c a m e d o m i n a n t in t he h igher ly ing p laces be tween the sand-h i l l s . I n th i s w a y 
a n o t h e r i n d e p e n d e n t assoc ia t ion f o r m e d be tween Festucetum vaginatae a n d Molinio-
Salicetum rosmarinifoliae ( M A G Y A R , 1 9 3 3 ) . I ts t w o c h a r a c t e r species Holoschoenus 
romanus and Salix repen-ssp. rosmarinifolia cannot be regarded as characters pecies 
of F e s t u c e t u m v a g i n a t a e . T h e t y p e is l inked wi th t he ( a b o v e m e n t i o n e d ) a d j a c e n t 
a s soc ia t ions by s u b a s s o c i a t i o n s o f t r a n s i t o r y n a t u r e . It is a l s o likely t o be c o n n e c t e d 
wi th Astragalo-Festucetum (sulcatae) rupicolae ( B O D R O G K Ö Z Y , 1 9 5 7 ) . 
I t s so i l e co logy 
I t is pa r t i cu l a r ly its m o r e f a v o u r a b l e o r g a n i c m a t t e r c o n t e n t a n d w a t e r s u p p l y 
re la t ive t o t h e f o r m e r o n e , t ha t a s s u r e be t t e r c o n d i t i o n s of life wh ich is ev iden t first 
of al l in t h e v e r n a l a spec t (Fig. 6). I ts s ingle subas soc i a t i ons , howeve r , essent ia l ly 
d i f fe r f r o m o n e a n o t h e r : 
F.(r). — S.r. f e s t u c e t o s u m v a g i n a t a e (n .n ) 
(Syn.: Festucetum vaginatae salicetosum rosmarinifoliae (Magyar 33) Soó 39). 
I t is a t r ans i t i on t o F e s t u c e t u m vag ina t ae , f o r m i n g a z o n e at h ighe r levels of t he 
spaces be tween t h e sand-h i l l s (F ig . 1). D u r i n g t h e las t decades , it h a s s p r e a d very 
greatly in our area. It is, however, well separated by Salix rosmarini folia and Holo-
schoenus romanus. 
H y d r o e c o l o g i c a l p o s i t i o n 
I n r e spec t of t he d i s t r i bu t ion of spec ies , sx2 t y p e species h a v e b e c o m e d o m i n a n t 
ins tead of sx3 c o m p o n e n t s wi th in t he c a t e g o r y of s t e n o x e r o p h y t e s . T y p e sx2 Stipa 
capillata, s p o r a d i c a l l y Chrysopogon gryllus o c c u r in la rge n u m b e r s and w i t h in-
c r e a s i n g f r e q u e n c y . T h e x e r o m e s o p h y t e s a r e still c r o w d e d i n t o t h e b a c k g r o u n d 
( T a b l e 3, F ig . 11). T h e hyd roeco log i ca l p lo t s of s o m e c h a r a c t e r species a l so s h o w 
t h e t r a n s i t o r y n a t u r e of this s u b a s s o c i a t i o n (F ig . 6). 
F(r)-S.r. f e s t u c e t o s u m rup i co l ae ( t y p i c u m ) n . n . 
In t he D a n u b e - T i s z a m i d r e g i o n , a n d t h u s a l so in t he p r o t e c t e d area o f E m l é k -
e r d ő , t he i m p o v e r i s h e d m e a d o w c o m m u n i t i e s be tween the sand-h i l l s in the s a n d y 
f o r e s t - s t e p p e s e p a r a t e in to well d i s t i ngu i shab le fac ies . T h e i r o c c u r r e n c e s h o w s cor -
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Fig. 6. Hydroecological graphs for the character species of a transitional stand of Festuca 
vaginala in the meadow between sand-hills. 
r e l a t i o n w i t h t h e s e a s o n a l c h a n g e s o f t h e w a t e r r e g i m e in t h e v e g e t a t i o n p e r i o d . 
T h e t h i n g t h e y h a v e in c o m m o n is t h a t a f t e r t h e f a v o u r a b l e m o i s t u r e s u p p l y d u r i n g 
s p r i n g a ve ry d r y p e r i o d f o l l o w s in s u m m e r d u r i n g w h i c h t h e w a t e r c o n t e n t o f s o i l 
in the i r r o o t i n g z o n e is less t h a n 0 , 0 5 lit d m - 3 ( F i g s . 7, 8) . 
Fig. 7. Changes of moisture content in the humous sandy soil profile of typical meadov plant 
community in the space between sand-hills. 
a : the percentage of moist soil weight; b: the percentage of dry soil weight; 
c: lit water dm""' soil. 
Slipa capillala f ac ies 
T h i s is c l o s e s t r e l a t e d t o t h e p r e v i o u s s u b a s s o c i a t i o n in r e s p e c t o f spec ies c o m p o -
s i t i o n , b u t t h e c o n t r i b u t i o n o f S a l i x r e p e n s s sp . r o s m a r i n i f o l i a t o c o v e r is e s sen t i a l l y 
g r e a t e r . T h e w a t e r r e g i m e o f i ts so i l is m u c h b e t t e r t h a n t h a t o f t h e p r e v i o u s f ac i e s . 




Fig. 8. Physical and chemical properties of the soil profile between sand-hills as well as the 
£ maximal and minimal values of its water budget in 1980. 
I t c a n b e c h a r a c t e r i z e d by a m o r e f a v o u r a b l e o r g a n i c m a t t e r s u p p l y , w h i c h is d u e 
p a r t l y t o t h e h i g h e r p h y t o m a s s p r o d u c t i o n ( T a b l e 4 ) a n d d e c o m p o s i t i o n a n d p a r t l y 
t o t h e exce l l en t w a t e r - b i n d i n g c a p a c i t y o f h u m u s c a r r i e d d o w n f r o m t h e s a n d -
h i l l s b y t h e w i n d . H e r e t h e poss ib i l i t i e s o f b i n d i n g r e s p . s t o r i n g a t m o s p h e r i c p rec i -
p i t a t i o n a r e b e t t e r . In t h e s u r f a c e - n e a r so i l l ayers , tw ice a s m u c h w a t e r w a s 
d e m o n s t r a b l e t h a n in t h e n e i g h b o u r i n g hill t o p in i t s v e r n a l a s p e c t in 1980. T h e 
w a t e r r e g i m e in d e e p e r so i l l aye r s is, h o w e v e r , m o r e b a l a n c e d ( F i g . 7). T h i s f a c i e s 
is t h e p o o r e s t o n e o f t h e s u b a s s o c i a t i o n . I t s c h a r a c t e r spec ies a r e s x 2 Stipa capillala, 
axl Festuca rupicola as well as Poa angustí folia, Potentilla arenaria, Stachys recta 
of the xm3 type each and Medicago falcata and Linum austriacum both belonging 
to the type xm2. Species of the mhg type Salix repens ssp. rosmarinifolia and Polygala 
comosa. • 
Filipéndula vulgaris facies 
I t is f o u n d in t h e r / 'chest s e c t i o n s o f t h e f o r m e r m a r s h y m e a d o w s a m o n g t h e 
s a n d - h i l l s , in t h e n o r t h e r n l i t t o r a l z o n e o f w i n d f o r m e d r idges , w h e r e t h e s h a d i n g 
e f f ec t o f n e a r b y p o p l a r s t a n d s p r e v a i l s . In t h e s u m m e r p e r i o d o t is m u c h b e t t e r 
2 4 G Y . 5 0 D R 0 G K Ö Z Y 
p r o t e c t e d a g a i n s t t h e d a m a g i n g e f f e c t o f i n s o l a t i o n . I t s s t a n d s a r e c o m p l e t e l y c l o s e d 
w i t h d o u b l e h e r b s t r a t u m . O r g a n i c m a t t e r c o n t e n t o f i ts so i l is h i g h e r t h a n t h a t o f 
t h e f o r m e r f a c i e s ( F i g . 10). I t s w a t e r r e g i m e is b e t t e r , b u t t h e r o o t e f f ec t o f t h e 
n e a r b y p o p l a r s t a n d s p r e v a i l s in a c o n s i d e r a b l e m e a s u r e p a r t i c u l a r l y d u r i n g s u m m e r 
( F i g . 9) . 
August 5 
Fig. 9. Changes of soil moisture dynamics of the Filipendula facies of the typical meadow 
among sand-hills. 
O f t h e s p e c i e s o f F i l i p e n d u l a v u l g a r i s fac ies , h o w e v e r , o n l y t h o s e c o u l d s u r v i v e , 
w h i c h t o l e r a t e d t h e u n f a v o u r a b l e w a t e r s u p p l y d u r i n g s u m m e r f o r the i r w i d e r 
a d a p t a b i l i t y . T h e s e b e l o n g p r i n c i p a l l y t o t he c a t e g o r y o f x e r o m e s o p h y t e s , a s x m 2 
Salvia pratensis, Iris humulis var. arenaria; xml Filipendula vulgaris, Galium verum, 
Knautia arvensis ssp. arvensis. 
M e m b e r s o f M o l i n o - A r r h e n a t h e r e t e a a r e m 3 Tragopogon orientális a s we l l a s 
Lotus corniculatus and Ranunculus acris of the m2 type both. Moreover, in some 
p l a c e s a s s p e c i e s o f M o l i n i e t a l i a , t h e h y g r o p h y t e Thalictrum simplex v. galioides 
a n d t h e c h a r a c t e r i s t i c n a m e - g i v i n g spec ies o f t h e a n c i e n t m a r s h y m e a d o w s in t h e 
s p a c e s b e t w e e n h i l l ocks Molinia coerulea a r e a l s o o b s e r v a b l e o c c u r r i n g by s t e m s 
( T a b l e 2 ) . 
T h e p e r c e n t u a l v a l u e s f o r t h e c o n t r i b u t i o n s o f s p e c i e s b e l o n g i n g t o t h e s i n g l e 
h y d r o e c o l o g i c a l c a t e g o r i e s t o c o v e r a g e in c o m p a r i s o n w i t h s i m i l a r v a l u e s f o r Festuca 
vaginata s u b a s s o c i a t i o n a r e s h o w n in F i g . 11. I t is s een t h a t t h e p l o t t e d g r a p h f o r 
s p e c i e s c o m p o n e n t s o f Festuca rupicola s u b a s s . c u l m i n a t e s in t h e a x l s u b t y p e w h i c h 
f o r m s a l i nk b e t w e e n x e r o - a n d a s t e n o x e r o p h y t e s , w h i l e in t h e c a s e o f t h e s u b a s s . 
Festuca vaginata at sx2 (Fig. 11). 
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Fig. 10. 
F(r)-S.r. m o l i n i e t o s u m c o e r u l e a e ( n . n ) 
I t o c c u r s in t h e d e e p e s t w i n d f u r r o w s in t h e a r e a o f s a n d y f o r e s t - s t e p p e t y p e 
o f E m l é k e r d ő , a l b e i t i ts o c c u r r e n c e h a s a l s o b e e n s p o r a d i c a q u e r t e r o f a c e n t u r y 
a g o . I n d e p e n d e n t l y f r o m t h i s , i t f o r m s g o o d c o n n e c t i o n s w i t h Molinio-Salicelum 
rosmarinifoliae d e s c r i b e d f r o m o t h e r a r e a s o f t h e D u n a - T i s z a m i d r e g i o n . N a m e l y , 
t h e s e s p a c e s a m o n g t h e h i l l o c k s m u s t h a v e been m o r e d e e p e r - l y i n g in t he p a s t t h a n 
t o d a y . In o n e o f t h e w i n d f u r r o w s , t h e so i l s u r f a c e o f t h e o l d m a r s h y m e a d o w is 
f o u n d a t 8 0 c m d e p t h . I t s h y v a l u e i n d i c a t e s t h a t t h e h u m u s m e a d o w s a n d y so i l is 
h a r d e r h e r e (BODROGKÖZY, 1957). I t s p r e s e n t level w a s f o r m e d b y t h e r e a r r a n g e m e n t 
of t h e s a n d m a s s e s in t h e r e g i o n . F o l l o w i n g t h e i n v a s i o n a n d c l o s i n g o f Festuca 
rupicola in t h i s a r e a f u r t h e r s u p e r p o s i t i o n o f s a n d c o u l d n o t h a v e t a k e n p l a c e . 
L a t e r , t h e a c c u m u l a t i o n o f o r g a n i c m a t t e r o n t h e s u r f a c e r e s u l t e d in t h e f o r m a t i o n 
of h u m u s c o n t a i n i n g s a n d y s u r f a c e so i l . 
H y d r o e c o l o g y 
T h e m o i s t u r e c o n t e n t o f i ts s o i l a s e x p r e s s e d in lit d m - 3 un i t was n e v e r a s 
h i g h in t h e v e r n a l a s p e c t m e a s u r e d a f t e r a m o r e a b u n d a n t a t m o s p h e r i c p r e c i p i t a t i o n 
a s in t h e z o n e a m o n g t h e h i l l o c k s e x p o s e d t o t h e s h a d i n g e f f ec t o f t h e t rees . In l a te 
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s u m m e r t he d y n a m i c s of w a t e r p r o v e d to be u n f a v o u r a b l e in t he soil of th i s s u b -
a s soc i a t i on , t o o (Figs . 12, 13). 
Because of t he c o m p e t i t i o n for s p a c e for r o o t c a u s e d by the c lo s ing of Festuca 
rupicola, its c e n o s e s c o n t a i n less species t h a n the p r e v i o u s s u b a s s o c i a t i o n s . O f t h e 
c h a r a c t e r species o f t he or ig ina l Molinio-Salicelum rosmarinifoliae o n l y Serralula 
Festuco (rupicolael-Salicetum rosmarinifoliae 
D/o molmietosum coeruleae (fragm) 
¿OJ festucetosum rupicolae (typicum) 
festucetosum wginatae 
Fig, I I . Contributions to cover of plant communities on sand hill top (A) in the spaces between 
sand-hills (B) according to subgroups (1-3) of hydroecological categories and the 
number of species. 
tinctoria, Thalictrum simplex v. gal ¿aides (both mhg 3) as elements of Molinion resp. 
Molin ie ta l i a can be r ecove red by s t ems . T h e i r ecologica l a m p l i t u d e w a s f o u n d t o b e 
ex t r eme ly wide. T h e s e h a v e n a m e l y su rv ived in t h e s t a n d s of Festuco-Salicetum 
rosmarinifoliae f e s t u c e t o s u m v a g i n a t a e o f t he n a t u r e c o n s e r v a t i o n a r e a , a n d in t h e 
las t q u a r t e r of a c e n t u r y have n o t exh ib i ted a n y n o t e w o r t h y c h a n g e s . O n the o t h e r 
h a n d , Linum caiharticum p e r i shed . A t the s a m e t ime , t h e Fes tuce t a l i a va l e s i acae 
species, Chrysopogon gryllus as well as Anihericum ramosum the relict species of old 
s t e p p e o a k fo re s t s have i m m i g r a t e d . D u r i n g the last d e c a d e s . Siipa canillaia h a s 
b e c o m e f a c i e s - f o r m i n g species a n d s p r e a d very g rea t ly ( T a b l e 2). 
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Table 2. Fesluco (rupicolae) -Salicelum rosniarinifoliae molinietosum coeruleae (1), festucetosum rupicolae (2) 
festucetosum vaginaiae (3). 
Subass.: 1 
S t e n o - x e r o p h y t a : 
H Festucion vaginaiae 
H Festucion vaginatae 
Festuca laginata sx3 F 3 T 4 N 1 
Euphorbia seguieriana sx3 F 1-2 1 i N 1 
H Festucion vaginatae Stipa capiñata sx2 F 2 T 3 N 2 4 • M M 
G Festucetalia vaginatae Carex ¡iparicarpos sx2 F 2 1 4 N 2 
H Festucion vaginatae Carex arenaria ssp. 
tauscheri sx2 F 2 T 4 N 1 
H Festucion vaginatae Onobrychis uranífera sx2 F 1 T 3 N 1 
H Festucion vaginatae Syrenia cana sx2 F 2 T 4 N 1 
H Festucion vaginatae Tragopogon floccosum sx2 F 1 2 T 4 N 1 
Th Festucetalia valesiacae Bromus squarrosus sx2 F 2 T 4 N 2 
Th Bromion tectorum Secale sílveslrís sxl F I 2 T 4 N 1 
H Festucetalia valesiacae Anthericum ramosum sxl F 2 T 4 N 2 
A s t e n o - x e r o p h y t a : 
Th Festuco-Brometea Verbascum lychnítis ax3 F 2 T 3 N 2 3 
Ch Festucetalia valesiacae Thymus marschallianus ax3 F 1-2 T 3 N 1 
H Festuco-Brometea Botriochloa ischaemum ax3 F 2 T 3^ 4 N 2 
H Querceiea Inula salícína v. dent ¡culata ax3 F 2-3 T 3 N 2 
Th Festucetalia valesiacae Viola kitaibelíana ax3 F 2 T 4 N 2 
H Festuco-Brometea Linaria genistifolia ax3 F 2 T 4 N 2 
H Populetalia Calamagrostis epigeios ax3 F 2 3 T 3 N 3 
H Festucetalia valesiacae Festuca rupicola axl F 2 1 3 N 2 3 H H ' 
H Festucetalia valesiacae As pe rula cynanchica ax2 F 1-2 I 4 N 1 
H Festuco-Brometea Teucrium chamaedrys axl F 1 2 T 2 N 2 
H Festuco-Brometea Phleum phleoides axl F 2 T 3 N 2 
H Festuco-Brometalia Poa bulbosa axl F 1-2 T 3 4 N 1 
G Festuco-Brometea Muscari racemosum axl F 2 T 4 N 2 
Th Festuco-Brometea Saxífraga trídactylítes axl F 2 T 3 N 2 
H Festucetalia valesiacae Campanula sibírica axl F 2 T 3 4 N 1 -2 
X e r o - m e s o p h y a : 
H Festuco-Brometea Poa angustífolia xm3 F 2 T 2 N 3 
H Festuco-Brometea Euphorbia cyparissias xm3 F 1 2 T 0 N 0 
H Festucetalia valesiacae Astragalus onobrychis xm3 F 1 T 3 N 1 
H Festucetalia valesiacae Potentilla arenaria xm3 F 1 2 T 3 N 2 
H Festucetalia valesiacae Stachys recta xm3 F 1 -2 T 3 N 2 
Th Festuco-Brometea Seselí annuum xm3 F 1 -2 T 3 N 2 
Th Festuco-Brometea Odontites lutea xm3 F 2 T 4 N 1 2 
H Festucion rupicolae Astragalus austríacas xm3 F 1 T 3 N 1 
H Festucetalia valesiacae Anthyltís vulneraria ssp. 
polyphylla xm3 F 1 -2 T 3 N 1 
H Festucetalia Cynanchum vincetoxicum xm3 F 1 2 T 3 N 2 
Th Festuco-Brometea Erophyla venta xm3 F 2 3 T O N 1 2 
H Festuco-Brometea Eryngium campestre xm3 F 1 T 4 N 2- 3 
Th Festuco-Brometea Arabís recta xm3 F 2 T 4 N 2 
Th Festucion rupicolae Thesium árcense xm3 F 2 T 3 N 2 
Ch Festucetalia Veronica prostrata xm3 F 2 T 3 N 1 2 
H Festucetalia valesiacae Verbascum phoeniceum xm3 F 2- 3 T 4 N 2 
H Festuco-Brometea Salvia pratensis xm2 F 2 T 2 N 2 
H Festucetalia valesiacae Díanthus pontederae xm3 F 2 T 4 N 2 
G Festuco-Brometea Asparagus officinalis xm2 F 2 T 3 N 2 -3 
H Festuco-Brometea Coronilla varia xm2 F 1 2 T 3 N 1 2 
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Subass.: 
G Festucetalia valesiacae Iris humilis ssp. arenaria xm2 F 2 T 3 N 1 -2 
H Festuco-Brometea Medicago fa lea la xm2 F 1 2 T 3 N 2 
H Festucion rupicolae Linum ausiriacum xm2 F 1- 2 T 3-4 N 1 
H Festuco-Brometea Ononis spinosa xm2 F 2- 3 T 3 N 3 
H Festucetalia Scorzonera purpurea xm2 F 2 T 4 N 2 
Th Festuco-Brometea Thlaspi perfoliatum xm2 F 3 T 3-4 N 2 
Th Festuco-Brometea Carduus nutans xm2 F 2 3 T 0 N 3- 4 
Th Festuco-Brometea Erigeron acris xm2 F 2 3 T 2 N 2- 3 
M Populetalia Populus alba xml F 0 T 3 N 1 
H Festuco-Brometea Galium verum xml F 0 T 2-3 N I--2 
H Festuco-Brometea Filipéndula vulgaris xml F 3 T 3 N 1 
H Festucetalia valesiacae Knauliaarvensis ssp. 
arvensis xml F 2- 3 T 2-3 N 0 
Th Festuco-Brometea Holosteum umbellalum xml F 2 T 4 N 2- 3 
Th Secalietea Lithospermum árcense xml F 2 T 2 N 2--3 
Th Chenopodietea Senecio vernalis xml F 2 3 T 3-4 N 3 
M e s o p h y t a : 
Th Arrhenatheretea Tragopogon orienlalis m3 F 2 - 3 T 2-3 N 2 3 
Th Secalietea Veronica arvensis m3 F 3 T 2 N 3 
H Molinio-Arrhenath. Lotus corniculatus m2 F 0 T O N 2 -3 
H Molinio-Arrhenath. Ranunculus acris m2 F 0 T 0 N 2 -3 
M e s o - h y g r o p h y t a : 
H Molinietalia Salix rosmarinifotia mhg3 F 3 T 2 N I 2 
H Molinio-Arrhenath. Polygala comosa mhg3 F 0 T 3 N 1 
G Festucion vaginatae Holoschoenus romanus mhgl F 0 T 4 N 2 
H Molinietalia Thalictrum simplex v. 
galioides mhg3 F 3-4 T 3-4 N 2 
H Molinio-Arrhenath. Serratilla tinctoria mhg3 F 3-4 T 3 N 2 
H y g r o p h y t o n : 
H Molinion Molinia coerulea hg 1 F 2-3 T 3 N 1- 2 
Fesluco (Querco)-Populelum albae (Soô 71 nom. prov) n.n. 
(Syn.: Fesluco (Populo) — Quercetum (HARGITAI 40) Soô 71 n. prov. Festuco-Quercetum 
populetosum albae BODRK. 57). 
B o t h f o r i ts s p e c i e s a n d i ts e c o l o g i c a l c o n d i t i o n s , th i s a s s o c i a t i o n is r e l a t e d t o 
t he s t a n d s o f Junipero-Populelumalbae(RAPCS. 2 2 ) ZÔLYOMI e x SoA 5 0 e m . S Z O D T F R I D T 
69. O c c u r r e n c e a n d d i f f e r e n t i a t i o n o f i ts s u b u n i t s o f a s s o c i a t i o n s e e m t o b e c o n n e c t e d 
w i t h t h e p l a c e s o f o c c u r r e n c e o f t h e a n c i e n t o a k f o r e s t s o f s a n d y s t e p p e t y p e in o u r 
a r e a . T h e Populus alba a n d P. canescens a n d t h e i r f o r m s o f t r a n s i t i o n (ex v e r b 
I. MARÔTI) c o u l d f o r m wel l d e v e l o p e d s t a n d s o n l y in s u c h p l aces , w h e r e s u f f i c i e n t 
n u t r i e n t a n d m o i s t u r e s u p p l y w a s s e c u r e d f o r t h e m by t h e h u m o u s s a n d y o r b r o w n 
f o r e s t so i l c o v e r e d b y w a y o f s e c o n d a r y s a n d m o v e m e n t in a n c i e n t o a k f o r e s t s 
(BODROGKOZY, 1957). A s a c o n s e q u e n c e of g r a d u a l d r y i n g in t h e c o u r s e o f h i s t o r i c a l 
t imes , t h e s t a n d s o f Populus spec ies d o n o t p r o l i f e r a t e a n y m o r e g e n e r a t i v e l y . T h e y 
c a n o n l y r e n e w vege t a t i ve ly . T h e p r o c e s s o f a g e i n g h a s b e e n , h o w e v e r , s o s e v e r e 
t h a t n o r e n e w a l c o u l d b e o b s e r v e d e v e n u n d e r t h e f a v o u r a b l e l ight c o n d i t i o n s o f 
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^t/dm3 
May " 
a the percentage of mast sal weght 
b the percentage of dry sal weght 
c Ht water dm- 'sol 
Fig. 12. Changes of soil humidity in the meadow between sand-hills with fragments of Molinia 
subass during the vegetation period. 
a : the percentage of moist soil weight; b : the percentage of dry soil weight; 
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g a l l e r y - f o r e s t - l i k e s t a n d s . In o u r p l a i n t h e f r e q u e n t l y o c c u r r i n g v i o l e n t w i n d - s t o r m s 
c a n b e t h e c a u s e o f g r e a t h a v o c in t h e a b o u t 8 0 - y e a r - o l d p o p l a r s t a n d s . T h u s w e h a v e 
t o r e c k o n w i t h t h e g r a d u a l e x t i n c t i o n o f t h e s e s t a n d s . 
E c o l o g i c a l c o n d i t i o n s 
I t s so i l p r o f i l e c o n t a i n s a v e r y s m a l l s i l ty f r a c t i o n a n d t h e fine s a n d d o m i n a t e s 
( F i g . 14). T h e b u r i e d h u m u s level o c c u r s e v e r y w h e r e (BODROGKOZY, 1957). O n t h e 
b a s i s o f t h a t a n d o n t h a t o f t h e d i f f e r e n t d e g r e e s o f w a t e r s u p p l y w e c a n d i s t i n g u i s h 
t h e f o l l o w i n g s u b u n i t s o f t h i s a s s o c i a t i o n : 
F.(Qu.)-P.a. c a l a m a g r o s t e t o s u m BODRK. (57) n . c o r r . 
(Syn.: Festuco-Quercetum populetosum albae xerophilum Bodrk. 57). 
I t is f o u n d o n t h e s a n d r idges s u r r o u n d i n g t h e d e p r e s s i o n s , w h e r e t h e b u r i e d 
h u m u s l aye r c o n t a i n s less o r g a n i c m a t t e r a n d o c c u r s b e l o w 100 c m d e p t h . 
I t is c h a r a c t e r i s t i c o f i ts h y d r o e c o l o g i c a l c o n d i t i o n t h a t t h e r a t i o o f m o i s t u r e 
c o n t e n t p e r d r y so i l w e i g h t t o t h a t p e r w e t so i l w e i g h t a n d t h e r a t i o o f m o i s t u r e 
c o n t e n t in lit p e r d m 3 d r y so i l t o t h a t o f t h e we t so i l w a s o n l y in t h e v e r n a l a s p e c t , 
p r i n c i p a l l y in t h e s u r f a c e - n e a r so i l l a y e r s f a v o u r a b l e in 1980. By t h e e n d o f s u m m e r 
t h e v a l u e f o r m o i s t u r e c o n t e n t w a s o n l y 6 0 m l c m 3 . C h a n g e s in t h e s e v a l u e s a r e 
i l l u s t r a t e d in F i g s . 14 a n d 15. 
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Soil moisture 
5,6 L / D M * COCOJ 
12 77 Humus 
— • fcy 
Fig. I3. Analytical data of the soil profile between sand-hills with fragments of MoUnio-SaHcetum. 
S p e c i e s c o m p o s i t i o n 
I t s t r e e s t r a t u m is m a d e u p o f Populus alba a n d P. canescens w i t h n e v e r c l o s i n g 
foliage. Its shrub stratum is made up of Crataegus monogyna, Berberis vulgaris; 
Juniperus communis is m i s s i n g . I t s h e r b s t r a t u m is f a i r ly wel l l i g h t e d , w h i c h e x p l a i n s 
t h e d o m i n a n c e o f s p e c i e s o f F e s t u c e t a l i a v a l e s i a c a e a n d F e s t u c o - B r o m e t e a t h e r e 
a n d t h e i n c r e a s i n g a b u n d a n c e o f t y p e a x 3 Calamagroslis epigeios. T h i s s p e c i e s 
h a s t w o wel l d i f f e r e n c i a b l e e c o t y p e s in t h e G r e a t P l a i n . It c a n be r e g a r d e d a s a m e s o -
h y g r o p h y t e in i ts h a b i t a t s a l o n g t h e r ive r s , a n d a s t e n o x e r o p h y t e in The s a n d y s t e p p e s . 
A m o n g i ts spec ies x e r o m e s o p h y t e s a l s o o c c u r w i t h g r e a t e r spec ies n u m b e r 
b e s i d e s s t e n o - a n d a s t e n o x e r o p h y t e s . T h e x e r o m e s o p h y t e s b e l o n g t o t h e x m 3 
s u b t y p e . Poa angustifolia is a d o m i n a n t spec ies . T h e c o n t r i b u t i o n s o f Galium verum, 
Dianthus pontederae e t c . t o c o v e r a g e a r e s m a l l e r ( T a b l e 3, F i g . 16). 
F. (Qu)-P.a. f e s t u c e t o s u m r u p i c o l a e ( t y p i c u m ) n . n . 
I t o c c u r s in m o r e f a v o u r a b l e s i t u a t i o n s t h a n t h e p r e v i o u s o n e . I t s t r ee s t r a t u m 
is m o r e c l o s e d a n d t h e spec ies c o m p o s i t i o n o f i ts h e r b s t r a t u m c h a n g e s . I ts s h r u b 
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Table 3. Fesluco ( Quercelo) — Populelum 
calamagrostetosum (1), festucetosum rupicolae (2), saliceiosum rosmarinifoliae (3). 
Subass. : 2 3 
M M Populeialia Populus alba xml 
M M Populetalia Populus canescens xml 
M Quercetea Crataegus monogyna xm3 T 2-3 T 4 N 2 
M Quercetea Berberís vulgaris xm3 F 2 T 4 N 2 
M Quercion pubesc. Ligusirum vulgare xm2 F 2-3 T 3 N 2 
M Molinietalia Salix repens ssp. 
rosmarinifotia mhg3 F 3 T 2 N 1 2 
M Quercetea Cornus sanguínea xm2 F 2-3 T 4 N 2 
Lawn-level 
S t e n o - x e r o p h y t a : 
H Festucetalia vag. Festuca vaginata sx3 F 2 T 4 N 1 
H Festucetalia vag. Tragopogon floccosum sx3 F 1-2 T 4 N 1 
H Festucion vag. Onobrychis araní/era sx2 F 1 T 3 N 1 
H Festucetalia vag. Carex Hparícarpos sx2 F 2 T 4 N 2 
A s t e n o - x e r o p h y ta : 
H Populetalia Calamagroslis epigeios ax3 F 1-2 T 3 N 3 
H Festucetalia vales. Asperula cynanchica ax2 F 1-2 T 4 N 1 
H Festucetalia vales. Festuca rupicola axl F 2 T 3 N 2 
H Festucetalia vales. Festuca valesiaca axl F 2 T 3 N 2 
H Quercetea Thaliclrum minus axl F 1-3 T 2-3 N 1 2 
Ch Festuco-Brometea Teucrium chamaedrys axl F 1-2 T 2 N 2 
H Festucetalia vales. Viola rupestris ssp. arenaria ax 1 F 2 T 2 N 1 2 
H Festucetalia vales. Campanula sibirica axl F 2 T 3-4 N 1 2 
H Quercetea pubescent. Senecio íntegrífolius axl F 2-3 T 3 N 2 
H Quercetea pubescent. Hieracium bauhini axl F 2 T 3 N 2 
H Festuco-Bromea Hypericum perforatum axl F 2-3 T 0 N 2 3 
H Festucetalia vag. Silene otites ssp. pseudotites axl F 2 T 3 N 2 
Th Chenopodietea Bromas sterilis axl F 2 T 3 N 4 5 
H Festuco-Sedetalia Poa bulbosa axl F 1-2 T 3-4 N 1 
H Festuco-Brometea Phleum phleoides axl F 2 T 3 N 2 
G Quercetea Anthericum ramosum axl F 2 T 3 N 2 
X e r o - m e s o p h y t a : 
N Quercetea pubesc. Cytisus austríacas xm3 F 1 2 T 4 N 1 
H Festucetalia vales. Trifolium montanum xm3 F 2 T 2 N 1 
H Festucetalia vales. Potentilla arenaría xm3 F 1-2 T 3 N 2 
H Festucion rupicolae Astragalus austríacas xm3 F 1 T 3 N 1 
H Festucion rupicolae Astragalus asper xm3 F 1-2 T 4 N 1 
H Festucetalia vales. Astragalus onobrychis xm3 F 1 T 3 N 1 
Th Festuco-Brometea Vicia angustifolia xm3 F O T 3 - 4 N 2 3 
TH Secalietea Falcaría vulgaris xm3 F 3 T O N 0 
T H Festuco-Brometea Seselí annuum xm3 F 1-2 T 3 N 2 
H Festuco-Brometea Scabíosa ochroleuca xm3 F 1-2 T 3-4 N 1 
H Festuco-Brometea Euphorbia cyparíssías xm3 F 1-2 T 0 N 0 
H Festucion rupicolae Vinca herbáceo xm3 F 1-2 T 4 N 1 
H Festucetalia val. Stachys recta xm3 F 1-2 T 3 N 2 
Ch Festucetalia val. Veronica prostrata xm3 F 2 T 3 N 1 2 
H Festucetalia val. Veronica austríaca ssp. 
austríaca xm3 F 2 3 T 3 N 1 2 
H Festucetalia val. Díanthus pontederae xm3 F 2 T 4 N 2 
Th Festuco-Brometea Odontites lutea xm3 F 2 T 4 N 1 2 
H Festuco-Bromea Hieracium pilosella xm3 F 2 3 T O N 2 
TH Festucion vag. Thesium arvense xm3 F 2 T 3 N 2 
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Subass.: 
H Festuco- Bromea Melandrium album xm3 F 2 - 3 T 3 N 2 
H Festuco-Brometea Poa angustifolia xm3 F 2 T 2 N 3 
H Festuco- Brometea Ononis spinosa xm2 F 2-3 T 3 N 3 
H Festuco-Brometea Medicago falvata xm2 F 1-2 T 3 N 2 
TH Festuco-Brometea Medicago lupulina xm2 F 2-4 T 3 N 2 
H Festuco-Brometea Coronilla varia xm2 F 1 - 2 T 3 N 1-2 
H Festuco-Brometea Pimpinella saxifraga xm2 F O T 0 N 2-3 
T H Onopordion Cynoglossum officinale xm2 F 1-2 T 2 N 3 
H Festuco-Brometea Salvia pratensis xm2 F 2 T 2 N 2 
Th Fest uco- Bro me tea Thlaspi perfoliatum xm2 F 3 T 3-4 N 2 
H Fest uco- Bro metea Achillea millefolium ssp. , collina xm2 F 2 T 4 N 2 
H Festucetalia val. Achillea pannonica xm2 F 2 T 4 N 2 
H Festucetalia val. Scorzonera purpurea xm2 F 2 T 4 N 2 
H Quercetea pubesc. Leontodon hispidus xm2 F O T 2 N 2-3 
H Fest uco- Bro metea Taraxacum laevigatum xm2 F 1-2 T 3 N 2 
G Festuco-Brometea Muscari racemosum xm2 F 2 T 4 N 2 
G Fest uco- Brometea Asparagus officinalis xm2 F 2 T 3 N 2-3 
G Festucetalia vag. Iris, humilis v. arenaria xm2 F 2 T 3 N 1 - 2 
H Quercetea pubesc. Inula salicina v. denticulata xm2 F 2 - 3 T 3 N 2 
H Festuco-Brometea Galium verum xml F O T 2 - 3 N 1 - 2 
H Festucetalia val. Knautia arvenis xml F 2-3 T 2 - 3 N 0 
Th Secalietea Viola arvensis xml F 2-3 T O N 2-3 
Th Chenopodietea Senecio vernalis xml F 2-3 T 3 -4 N 3 
H Festuco-Puccinell. Scorzonera cana xml F 2 -4 T 4 N 1-2 
H Festuco-Bromea Silene vulgaris xml F 2 - 3 T 3 N 2 
G Festucion rupic. Gagea pusilla xml F 2 T 4 N 2 
G Festuco- Brometea Ornilhogalum umbellatum xml F 2 - 3 T 4 N 3 
G Querco-Fagea Epipactis athrorubens xml F 2 -4 T 3 N 2 
H Festuco-Bromea Dactylis glomerata xml F O T 2-3 N 0 
M c s o p h y t a : 
H Molinio-Arrhenath. Trifolium pratense m3 F O T 0 N 2-3 
Th Chenopodietea Senecio vulgaris m3 F 3 T O N 3-4 
TH Arrhenatheretea Tragopogon orientalis m3 F 2- 3 T 2-3 N 2 - 3 
H Molinio-Arrhenath. Taraxacum officinalis m3 F 2- 3 T O N 2 - 3 
H Arrhenatheretea Ranunculus acris m2 F O T O N 2 - 3 
H Molinio-Arrhenath. Trifolium repens m2 F 0 T O N 2 - 3 
H Molinio-Arrhenath. Lotus corniculalus m2 F O T O N 2 - 3 
H Quercetea Lithospermum officinale m2 F 2 T 2 N 3 
Th Chenopodio-Scler. Bilderdykia convolvus m2 F O T 3 N 3 
G Quercetea Cephalanthera rurra m2 F 3 T 3 -4 N 2-3 
Ch Festucetalia vales. Genista tincloria ssp. elaliorml F 0 T 3 N 1-2 
Th Arction Anlhriscus caucalis ml F 3 T 3 N 3 -4 
M e s o - h y g r o p h y t a : 
H Querciom pubesc. Thalictrum simplex ssp. 
galioides mhg3 F 3 -4 T 3-4 N 2 
H Molinio-Arrhenath. Polygala comosa mhg3 F O T 3 N 1 
Ch Populetalia Solanum dulcamara mhg3 F 4--5 T 3 N 3 
G Quercetea pubesc. Carex flacca ssp. cuspidata mhg3 F 0 T 3 N 2 
H Molinio-Arrhenath. Agrostis stolonifera ssp. 
gigantea mhgl F 3 T O N 2 - 3 
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s t r a tum is also becoming richer. Besides Crataegus monogyna and Berberís vulgaris, 
Ligustrum vulgare and Cornus sanguínea which may be regarded as relict species of 
a n c i e n t o a k f o r e s t s o c c u r h e r e a s we l l a s in t h e w e s t p a r t o f t h e r e g i o n b e t w e e n t h e 
D a n u b e a n d t h e T i s z a (KOVÁCS-LÁNG a n d SZABÓ, 1971) . I n i ts h e r b s t r a t u m , a p a r t 
from Festuca rupicola, Asperula cynanchica has spred particularly. 
F. (Qu)-P.a. s a l i c e t o s u m r o s m a r i n i f o l i a e ( n . s . a s s ) 
(Syn.: Festuco-Quercetum populetosum albae mesophilum BODRK. 57). 
I t is f o u n d in t h o s e s p a c e s a m o n g t h e s a n d - h i l l s o f E m l é k e r d ó ' , w h e r e o r g a n i c 
m a t t e r - r i c h h u m u s o c c u r s a t a b o u t 80 c m d e p t h b e l o w t h e s u p e r f i c i a l l a y e r . T h i s 
f o r m e d o n c e t h e s u r f a c e so i l o f t h e a n c i e n t o a k f o r e s t s (BODROGKÖZY, 1957) . T h e 
m o s t b e a u t i f u l p o p l a r f o r e s t s o f t h e n a t u r e c o n s e r v a t i o n a r e a o c c u r t h e r e . 
H y d r o e c o l o g i c a l c o n d i t i o n s 
F o r t h e c l o s i n g o f t h e u p p e r t r e e s t r a t u m , a t m o s p h e r i c p r e c i p i t a t i o n is s t o r e d 
m a i n l y in t h e n e a r - s u r f a c e l a y e r s , r e m a i n i n g t h e r e t h r o u g h o u t t h e w h o l e s u m m e r 
s e a s o n . D e t a i l e d d a t a a r e p r e s e n t e d in F i g . 17. 
Fig. 14. Moisture dynamics in the soil profile of white poplar gallery forest of Catamagrostis type. 
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Fig. 16. Hydroecological graphs for the charactcr species of Festuco (Querco) — Populetum 
albae calamagrostetosum. 
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C e n o t i c a l c o n d i t i o n s 
C h a n g e s o c c u r r e d in t he s h r u b s t r a t u m w i t h t h e g r o w t h o f Sali:k repens s s p . 
rosmarinifolia. O t h e r w i s e , it is l ike t h e s t a n d s o f t h e t y p e in r e s p e c t o f t h e n u m b e r 
o f s p e c i e s a n d t h e c o n t r i b u t i o n t o c o v e r . T h e s t e n o - x e r o p h y t e s d o n o t o c c u r a n y 
m o r e in i ts h e r b s t r a t u m , a n d t h e m e m b e r s o f a s t e n o x e r o p h y t e s h a v e a l s o d i m i n i s h e d . 
In t h e l a s t d e c a d e s , a x 3 Calamagrostis epigeios h a s a l s o i n c r e a s e d t o t h e e x p e n s e o f 
Festuca rupicola. T h e d i f f e r e n t i a l s p e c i e s o f t h i s s u b a s s o c i a t i o n a r e t h e Campanula 
sibirica, Teucrium chamaedrys (both axl). 
M e m b e r s o f x e r o m e s o p h y t e s d o m i n a t e in r e s p e c t o f s p e c i e s n u m b e r , p a r t i -
c u l a r l y t h e t y p e x m 3 a n d x m 2 s p e c i e s . N e v e r t h e l e s s , t h e i r c o n t r i b u t i o n s t o c o v e r 
is l i t t le , w i t h t h e e x c e p t i o n o f Poa angustifolia. F u r t h e r d e t a i l s a r e p r e s e n t e d in 
T a b l e 3. 
38 ¿2 % 
Q38 0*2 Ht/dm3 
W % , 
OK 0,181 it/dm3 
4? 46 % , 
04? 0/. 6 tit/dm3 
a the percentage ot most soil weghi, 
b the percentage of dry sal weght 
c lit water dnP soil 
Fig. 17. Changes of moisture content in the soil profile of white poplar gallery forest of Salix 
rosmarini/olia type in the vegetation period, 1980. 
S p e c i e s o c c u r r i n g in f o r e s t s a n d s k i r t s o f f o r e s t s a s Thalictrum minus, Senecio 
inlegrifolius, Anthericum ramosum, Cylisus austriacus, Carex flacca ssp. cuspidata, 
Leontodon hispidus, Inula salicina v. denliculala Epipaclis alrorubens, Ceplialanthera 
rubra, Lilhospermum officinale, Thalictrum simplex v. galioides can be regarded as 
re l ic t s p e c i e s o f a n c i e n t o a k f o r e s t s , w h i c h is v e r y s i g n i f i c a n t f r o m the a s p e c t o f 
e n v i r o n m e n t a l p r o t e c t i o n . T h e h y d r o e c o l o g i c a l p l o t s f o r s o m e o f t h e s e s p e c i e s a r e 
p r e s e n t e d in F i g s 17 a n d 18. 
T h e t o t a l c o n t r i b u t i o n s o f s p e c i e s b e l o n g i n g t o t h e s i n g l e c a t e g o r i e s a n d s u b -
g r o u p s o f t h e s e c a t e g o r i e s t o c o v e r a s we l l a s t h e n u m b e r o f t h e s e spec ies a r e seen 
in F igs . 19 a n d 2 0 . T h e d i f f e r e n c e s a m o n g t h e t h r e e s u b a s s o c i a t i o n s a r e a l s o a p p a r e n t 
f r o m t h e s e g r a p h s . 
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Fig. 18. Analytical data on the soil profile of white poplar grove of Salix rosmarini/olia type 
among sand hills in 1980. 
Cytisus outriacus 
Salix rosmarirufolia 
Q<y Epipachs atrorubens 
° Cepolonlhero rubra 
60 Senecio mtegrifolius 
Viola rupestris r arenaria 
Ftpulus alba 
hg mhg m xm ax sx 
Fig. 19. Hydroecological graphs of the species of the Salix rosmarinifolia subassociation. 
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Festuco-IOuercelol-Populelum 
fesluce/osum rupicoiae 
/nl colomogrostetosum W1 salicetosum rosmannifolioe 
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mhg ' m xm ax sx 
Fig. 20. Distribution of species of the single subunits of association according to their contri . 
butions to coverage, with special regard to the subgroups of categories (1-3) with th e 
indication of species number. 
C h a n g e s i n p h y t o m a s s p r o d u c t i o n 
T h e e f f ec t o f e c o l o g i c a l c o n d i t i o n s o n t h e p h y t o c e n o s e s is a l s o e v i d e n c e d b y 
the s e a s o n a l c h a n g e s o f o r g a n i c m a t t e r p r o d u c t i o n . PRÉCSÉNYI (1967) a n d ZÓLYOMI 
a n d PRÉCSÉNYI (1970) d e a l t w i t h t h e m e t h o d o l o g y o f t h e s e s t u d i e s . — I n v e s t i g a t i o n s 
o f th i s k i n d in c o n n e c t i o n w i t h t h e l i chen c e n o l o g y o f s a n d y f o r e s t - s t e p p e p l a n t 
c o m m u n i t i e s w e r e p e r f o r m e d by VERSEGHY a n d KOVÁCS-LÁNG ( 1 9 7 4 ) : S t u d i e s o n 
g r a s s c e n o s e s w e r e r e p o r t e d b y KOVÁCS-LÁNG a n d SZABÓ (1971) a s we l l a s SIMON 
a n d B A T A N O U N Y ( 1 9 7 1 ) , S I M O N a n d K O V Á C S - L Á N G ( 1 9 7 2 ) . 
PRÉCSÉNYI a n d OPAUSZKI ( 1 9 7 9 ) i n v e s t i g a t e d t h e c o n c e n t r a t i o n s o f m i c r o - a n d 
u l t r a e l e m e n t s , a n d HORÁNSZKY et a l . (1980) p e r f o r m e d m o r p h o l o g i c a l s t u d i e s o n t h e 
populations of Festuca vaginata. 
Table 4. Changes in organic matter production of sand steppe plant communities in the vernal 
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F u r t h e r s u p p l e m e n t a r y s t u d i e s w e r e a l s o p e r f o r m e d in c o n n e c t i o n w i t h t h e 
p h y t o m a s s p r o d u c t i o n o f t h e a e s t i v a l a s p e c t o f p l a n t c o m m u n i t i e s in t h e s a n d y 
f o r e s t - s t e p p e o f E m l é k e r d ő a t Á s o t t h a l o m . T h e i r c o m p a r a t i v e d a t a a r e p r e s e n t e d 
in T a b l e 4 . 
* * * 
I acknowledge with thanks the careful assitence of L. KÖRMÖCZI and E. SZALMA in the 
field and laboratory investigations. 
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A b s t r a c t 
In the Introduction, the author gives a short survey of the xylotomic investigations into 
the homoxylic trees. He deals in details with pitting of the tracheids of homoxylic trees, more 
exactly of Drimys winteri and Drimys colorata, with the origin of the spiral and stepped thickening, 
with the phylogenetic importance of monoecism, dioecism, and of the hermaphrodit ic (bisexual) 
states. In ultimate analysis, he arrives at the conclusion that Drimyses and their relations (Tetra-
centron, Trochodendron), as anciant types, cannot have originated — on the basis of their xylo-
tomic. phytogeographic and genetic particularity — from Magnoliales (sensu TAKHTADJAN). 
Probable, they — as vesselless plants of aggregated pith ray, of various sex, with amenta, tra-
cheids — are genetically rather closer t o the vesselles homoxylic Conifers and Anientillorae 
of varying sex with amenta than to Magnoliales (sensu TAKHTADJAN) of more developed vessels 
and hermaphrodit ic flowers, functioning with a torus. 
I n t r o d u c t i o n 
T h e first p h y l o g e n e t i c m o n o g r a p h o f t h e a u t h o r „ E i n G e d a n k e z u r p o l y p h y l e t i -
s c h e n E w t w i c k l u n g d e r P f l a n z e n w e l t " , w a s p u b l i s h e d d u r i n g W o r l d W a r I , in 1918 
(c f . : R e f e r e n c e s ) . H e r e h e first p r o c l a i m e d t h e d o c t r i n e o f p h y l o g e n y o f l a n d p l a n t s 
in t h r e e d i r e c t i o n s , f r o m t h e s t a t e o f p r o t o p h y t e s ti l l t h e m o s t d e v e l o p e d p l a n t s , 
i.e. t h e a n g i o s p e r m s , i n c l u d i n g t h e o r i g i n o f m o n o c o t y l e d o n s a n d d i c o t y l e d o n s , a s 
wel l . L a t e r o n , a n a n i m a t e d d i s c u s s i o n w a s c a r r i e d o n in th i s field, p a r t i c u l a r l y in 
c o n n e c t i o n w i t h t h e h o m o x y l i c t r ee s . C o n c e r n i n g th i s , in M e t c a l f e ' s b o o k t h e 
f o l l o w i n g a r e t o be r e a d : 
Ba i l ey a n d N a s t in t h e i r s t u d y o f t h e m o r p h o l o g y o f t h i s g r o u p h a v e s h o w n 
t h a t , w i t h t h e e x c l u s i o n o f lllicium, t h e W i n t e r a c e a e b e c o m e a h o m o g e n e o u s , n a t u r a l 
a g g r e g a t i o n o f o b v i o u s l y c lo se ly r e l a t e d p l a n t s . W i t h i n t h e g r o u p , t h e s e a u t h o r s 
d i s t i n g u i s h t h e f o l l o w i n g t r e n d s o f s t r u c t u r a l s p e c i a l i z a t i o n : " t o w a r d r e d u c t i o n o r 
e l i m i n a t i o n o f w o o d p a r e n c h y m a in Sec t . Winter a o f Drimys, t o w a r d excess ive ly 
w i d e n e d m u l t i s e e i a t e r ays in Pseudowintera> a n d t o w a r d r e d u c t i o n o f cel l s ize , 
p a r t i c u l a r l y in d w a r f e d o r m i c r o p h y l l o u s spec ies e .g . in Sect . T a s m a n n i a o f Drimys." 
T h e o c c a s i o n a l s c a l i f o r m p i t t i n g t h a t o c c u r s in t h e t r a c h e i d s o f Drimys, f i g u r e d 
l a rge ly in t h e c o n t r o v e r s y o f a b o u t 1918, a s s i c i a t e d w i t h t h e n a m e s o f BAILEY a n d 
JEFFREY, a s t o w h e t h e r Drimys, Tetracentron, a n d Trochodendron r e p r e s e n t d e g e n e r a t e 
e v a s c u l a r i z e d D i c o t y l e d o n s , t h e a n c e s t o r s o f w h i c h p o s s e s s e d t r u e vesse ls ^in the i r 
s e c o n d a r y x y l e m , o r w h e t h e r t h e y h a v e d e s c e n d e d d i r e c t l y f r o m a n c e s t o r s t h a t 
p o s s e s s e d s c a l a r i f o r m t r a c h e i d s in t h e i r s e c o n d a r y x y l e m . M o d e r n w o r k o n t h e 
s i g n i f i c a n c e o f t h e l e n g t h o f t he c a m b i a l in i t ia l a n d vessel m e m b e r s h a s p r o v i d e d 
a m e a n s o r t e s t i n g s u c h h y p o t h e s e s a n d BAILEY a n d NAST, in 1945 s t a t e d t h a t t h e 
p r i m i t i v e c h a r a c t e r o f t he c a m b i u m a n d xy l em in t h e W i n t e r a c e a e , Trochodendron 
a n d Tetracentron ru l e s o u t a n y pos s ib i l i t i e s o f t h e s e p l a n t s h a v i n g d e v e l o p e d vessels 
a n d s u b s e q u e n t l y h a v i n g lo s t t h e m . E l s e w h e r e t h e y c l a i m t h a t , w h e n e v i d e n c e s 
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f r o m all o r g a n s a n d p a r t s o f t he p l a n t s are t a k e n i n t o c o n s i d e r a t i o n , t he re a r e n o 
c o n v i n c i n g a r g u m e n t s for de r iv ing the T r o c h o d e n c r a c e a e f r o m the W i n t e r a c e a e 
o r vica versa , o r even for i n fe r r ing t h a t these fami l ies a r e c losely re la t ed gene t ica l ly . 
N o r c o n o n e a s s u m e t h a t t he o t h e r r a n a l i a n fami l ies were de r ived f r o m these vessel less 
a n d t h e C o n i f e r a e ove r look i m p o r t a n t a n a t o m i c a l d i f fe rences , s u c h as o c c u r in t he 
rays , a n d a r e t h u s mis l ead ing . T h e y c o n c l u d e t h a t if t he vesselless w o o d of t h e 
W i n t e r a c e a e is t o be c o m p a r e d wi th t h a t o f t h e G y m n o s p e r m s , it s h o u l d be w i t h t he 
s e c o n d a r y xy lem of P t e r i d o s p e r m a e a n d Benne t t i t a les r a t h e r t h a n wi th tha t o f t he 
C o n i f e r a e , G i n k g o a l e s o r C o r d a i t a l e s . " 
TAKHTADJAN'S b o o k l e t o f t h e o r ig in of A n g i o s p e r m s w a s p u b l i s h e d in R u s s i a n 
1954, wh ich he sent to t he a u t h o r of th i s p a p e r a s wel l . T h i s b o o k is o f 96 p a g e s 
e x t e n t , c o n t a i n i n g 16 i l lus t ra t ions . T h e 16th o f these is s h o w i n g a p h y l o g e n e t i c 
t ab l e , t r ac ing the or igin o f a n g i o s p e r m s back t o a s ingle c o m m o n s tock , the M a g n o -
liales. W i t h th is , h e cons ide r s t he or ig in o f a n g i o s p e r m s as m o n o p h y l e t i c . T h i s 
t h e o r y is d i a m a t r i c a l l y o p p o s e d t o t h e a b o v e t h e o r y of t he a u t h o r . In t he m e a n t i m e , 
o t h e r a u t h o r s have a l so dea l t wi th th i s p r o b l e m , p a r t i c u l a r l y wi th t h e p e c u l i a r 
s t r u c t u r e a n d t a x o n o m i c pos i t i on o f h o m o x y l i c t rees (ZIMMERMANN, LAM, ASAMA, 
etc . ) . S o m e of t h e m cons ide r pa r t i cu l a r ly the h o m o x y l i c t rees a s d e g e n e r a t e f o r m s : 
o t h e r s a r e , h o w e v e r , a d h e r e n t s o f t he p o l y p h y l e t i c c o n c e p t i o n . 
I n 1954, t he a u t h o r p r e s e n t e d his t h e o r y in Pa r i s , in t h e I n t e r n a t i o n a l B o t a n i c a l 
C o n g r e s s , a s well . I n 1962, he d e a l t wi th th i s p r o b l e m , a g a i n , m a k i n g use of t he 
recen t l i t e ra ry d a t a . T h e t i t le o f this m o n o g r a p h w a s : " T h e p h y l o g e n y of s e x u a l i t y 
a n d t r iphyle t ic evo lu t ion of land p l a n t s " . In th i s w o r k , he r e p e a t s his o l d e r o p i n i o n , 
r e g a r d i n g t h e or ig in of l and p l a n t s . 
TAKHTADJAN'S w o r k , en t i t l ed " E v o l u t i o n u n d A u s b r e i t u n g der B l u t e n p f l a n z e n " 
w a s pub l i shed in 1975. H i s phy logene t i c t h e o r y h a s been p u b l i s h e d he re r e p e a t e d l y . 
I n t h e m e a n t ime , h is t h e o r y w a s rev iewed , a n d p a r t l y even a c c e p t e d , in m o r e t h a n 
o n e c o u n t r y . T h u s , a m o n g o t h e r s , t h e H u n g a r i a n p r o f e s s o r REZS6 SO6 h a s e n t i r e l y 
t a k e n ove r TAKHTADJAN'S sys tem in his un ivers i ty t e x t b o o k (Phy logene t i ca l p h y t o -
t a x o n o m y ) . A n d even , in t he U n i v e r s i t y B o t a n i c a l G a r d e n s in Szeged , ENGLER'S 
sys tem w a s t r a n s f o r m e d a n d rep laced by TAKHTADJAN'S s y s t e m . 
In t he m e a n t i m e , h o w e v e r , th i s sys t em h a s been cr i t ic ized by several a u t h o r s . 
T h u s , a m o n g o the r s , by G o t t w a l d in H a m b u r g . H e p roves o n a very wide x y l o t o m i c 
basis t h a t M a g n o l i a l e s c a n n o t be t he a n c i e n t a n g i o s p e r m i c t y p e b e c a u s e t he re a r e 
s o m e p l a n t famil ies a n d o r d e r s , t o o , c a r r y i n g m u c h y o u n g e r cha rac t e r s . I n his 
p a p e r , he w r i t e s : " A b s t r a c t " . T h e s t e m w o o d of a b o u t 700 species , b e l o n g i n g t o 
32 fami l ies of t he o r d e r M a g n o l i a l e s s.l . , p lus f u r t h e r taxa exh ib i t ing p r imi t ive w o o d 
a n a t o m i c a l f e a t u r e s were inves t iga ted . O n th i s bas is , six s t r u c t u r a l g r o u p s c a n be 
e s t ab l i shed e a c h of wh ich s h o w s a m a r k e d g r a d a t i o n f r o m pr imi t ive to a d v a n c e d 
s tages . W o o d s t r u c t u r e of M a g n o l i a l e s s ensu TAKHTADJAN is o n l y pa r t i a l l y p r imi t i ve , 
pa r t i a l ly m o d e r a t e l y de r ived , whi le t he m o s t p r imi t ive ly s t r u c t u r e d h e t e r o x y l o u s t axa 
b e l o n g t o t he " D i l l e n i a l - H a m a m e l i d a l " and " T h e a l " g r o u p s , respect ively . A c c o r d -
ingly , t he re is n o c o m p e l l i n g ev idence to s u p p o r t p h y l o g e n e t i c s chemes in wh ich t h e 
M a g n o l i a l e s is p laced as t he o n l y c o m m o n b a s e f o r al l r ecen t d i c o t y l e d o n s . " 
T h e a u t h o r s h a s go t t he o p p o r t u n i t y in 1979, t o p r o c u r e s o m e w o o d of h o m o -
xylic Drimys w in t e r i a n d t o inves t igate in to it f r o m x y l o t o m i c p o i n t o f v iew. H e 
r ende r s a c c o u n t of t he resu l t s of h is inves t iga t ions in t he fo l l owing way. 
" T h e a u t h o r cons ide r s , c o n t r a r y t o TAKHTADJAN'S t h e o r y of m o n o p h y l e t i c 
or ig in , t h a t a po lyphy le t i c o r ig in o f t he a n g i o s p e r m s is m o r e p r o b a b l e a n d h e w a n t s 
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t o s u p p o r t h i s o p i n i o n b y x y l o t o m y o f t h e h o m o x y l o u s Drimys, c o m p a r i n g it w i t h 
a Juniperus a n d a Magnolia. A s Drimys h a s o n l y t r a c h e i d s w i t h s i m p l e p i t s a n d is 
w i t h o u t vessels , w h i l e in t h e M a g n o l i a l e s vesse ls o c c u r , a n d a s t h e t r a c h e i c s t a t e is 
m o r p r i m i t i v e t h a n t h e v e s s e l - c o n t a i n i n g o n e , t h e h o m o x y l o u s t r ees c o u l d , t h e r e f o r e , 
n o t o r i g i n a t e f r o m M a g n o l i a l e s " . 
M a t e r i a l s and E l a b o r a t i o n 
In the following, we at tempt to verify that Drimyses (Drimys winteri, Drimys colorala) 
cannot originate f rom the order Magnoliales, as supposed by the Soviet TAKHTADJAN and his 
followers, e.g. the Hungarian So6. We will support our statements with photographs and argu-
ments. 
We will prove, why the origin of angiosperms cannot be monophyletic but only poly-
phyletic, why Magnoliales cannot be the prototype, f rom which all the mono- and dicotyledons, 
the monoecious and dioecious plants would have come (Plate I). 
In Plate I, there are six photographs. They are showing the species of : 1) a gymnospermous 
tree (Amentotaxus argotaenia), 2) and 4) the homoxylous Drimys winteri, 3) Drimys colorata, 
5) Alnus incana (Amentiflorae), 6) Magnolia accuminata (Dialipetalae). The cross-section 
structures of the gymnospermous pine and of the two Drimyses (2 and 4) are very similar to 
one another. Vessels are missing in both. The whole stock consists of tracheids. Fig. 1. is 
showing the cross-section structure of Amentotaxus argotaenia. In the one cell-layer, elements 
of two sizes are arranged, between wide pith rays. The elements generally follow one another 
in radial direction. Between them, in a smaller or larger distance, there were generally arranged 
larger tracheids of regular cylinder-form and then smaller ones of angular cross-section. Tracheids 
of two different sizes seem to have developed already here, in pines; and f rom the larger ones 
may have been formed the later real tracheids and vessels, and f rom the smaller ones the paren-
chyma cells. 
It is interesting that inside the wider tracheids spiral thicknesses lie. These vessels are, 
however/fnissing f rom the gymnospermous pine, the Drimyses. In this regard, Drimyses are 
closer to gymnosperms than to Magnoliales. It is interesting, too, that in both Drimyses aggregated 
pith rays also occur but these are missing f rom pines and Magnoliae. 
In Figs. 2 and 4, there are two kinds of cell of cell types near to each other. In Fig. 4, this 
can be established well. The capital letters show the tracheids, while the cyphers rather the 
parenchymatic cells, radially somewhat elongated. In Fig. 5, about Amentiflorae Alnus glutinosa, 
the part of a pith ray is to be seen, where the tracheid series alternate with the mono-layer paren-
chyma. A fully identical structure is visible in the homoxylic Drimys winteri, as well (Fig. 4). 
On the other hand in Fig. 6, in the Magnolia, and also in its other relations, there do not occur 
any aggregated pith rays. 
On the basis of the presence or the lack of the aggregated pith rays, Drimyses can rather 
be brought into a nearer genetic connection with Amentiflorae than with the Magnolis, belonging 
into the the Dialeptale. As such an ancient feature is entirely missing from Magnoliales, but they 
are to be found in Drimyses and Amentiflorae, they may therefore not have origined from 
Magnoliales, as imagined by TAKHTADJAN and his followers. For proving that this is an an-
cient feature and that it, as such one, has nevertheless remained, we enumerate here a number 
of such Amentiflora species: Casuarina aequisetifolia, Alnus incana, (Fig. 5) Alnus glutinosa, 
Corylus avellana, Fagus sylvatica, Fagus orientalis, Quercus cerris, Quercus ilex, Quercus petrea, 
Quercus robur, Quercus borealis maxima, Carpinus betulus, and even Ephedrae, etc., etc. Such 
aggregated pith rays cannot be found at all among the monocotyledonous trees — these having 
otherwise no pith rays — and occur among the dicotyledons, too, only in the rarest cases. It is 
proved — therefore, already on the basis of cross-sections that the development of angiosperms 
did not set out f rom Magnoliales. Before these were already the primitive homoxylic trees, 
the structure of which already reveals more details. 
P i t t i n g of t h e wood of D r i m y s win te r i and D r i m y s c o l o r a t a 
T h e x y l e m o f D r i m y s e s is f o r m e d — a s seen b e f o r e — b y l a r g e a n d o n l y b> 
t r a c h e i d s a n d s c a n t y p a r e n c h y m a ce l l s . A c h a r a c t e r i s t i c p r o p e r t y o f t r a c h e i d s is 
t h a t t h e y a r e u n i c e l l u l a r , in t h e i r w a l l s o n l y s i m p l e p i t s l ine u p . In F ig . 7 , t h e s i m p l e 
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P l a t e I 
1. Cross-sectional picture f rom the t runk of the gymnospermous pine Amentotaxus argotaenia. 
The cross sections of the two kinds of elements are separated well f rom each other. The major 
ones are tracheids, the minor ones are parenchyma cells, arranged in radial lines. The pith 
rays are singlelayer. This structure is rather similar to the Drimys than to Magnoliales (xlOO). 
2. Cross-sectional structure of the homoxylic Drimys winteri. In the middle is running, separated, 
an aggregated pith ray. The matter of the xylem also consists of tracheids. Their cross-
sectional structure is generally square, here as well. In their size Ihey differ a little f rom the 
somewhat smaller rows, which probably are unicellular pith rays or parenchyma rows. This 
structure is more similar to that of Amentotaxus than to that of Magnoliales (xlOO). 
3. Cross-sectional structure of Drimys colorala. On the left an aggregated pith ray is lying, 
separated by its major cells. The matter of xylem consists, here too, of tracheids. Vessels 
are entirely missing (x80). 
4. Magnification of a detail of picture 2. The capital letters indicate the radially elongated 
parenchyma rows, while by ciphers the iracheid rows between these are indicated (xl80). 
5. Cross-sectional structure of the dicotyledonous Amentiflorae Alnus incana. In the ground 
tissue of the tracheid, between the parenchyma cells and the cornered tracheids, solitary 
twin poles and pore rays take place. In the black square, there is a detail of an aggregated 
pith ray (x200). 
6. Cross-sectional structure of Magnolia accuminata, ranged into Dialipetaleae. In the xylem 
tracheids. single vessels, pore rays, and pith-ray cells take place. There are no aggregated 
pith rays. (x200). 
Plate I 
7. Tracheid structure f rom Drimys winteri. In the wall of tracheids, the simple pits are arranged 
separatly and in alternating lines. There are no bordered pits (x 150). 
8. In the walls of eraly tracheids, the simple pits take place in pairs or in threes, spirally and in 
slanting rows. The pits are open or compact (see, on the left, at the white arrow). In the 
middle, the openings of pits take place spirally. These are not step-ladders, like those to be 
seen in Magnoliales. There is an essential difference between the two. Stepped thickness 
occurs only in Magnoliales. In Drimyses it doesn' t (xl50). occure. 
9. Stepped thickness in Magnolia accuminata. In Drimyses, the edges of spirals are uneven, 
while in Magnoliae the steps of the stepped thickness are parallel and straight (x 125). 
p i t s a r e we l lv i s ib le , f o l l o w i n g o n e a n o t h e r a l t e r n a t i v e l y . A n o t h e r p r o p e r t y o f p i t t i n g s 
is " o p p o s i t i o n s " , w h e n t h e p i t s f o l l o w s o n e a n o t h e r in h o r i z o n t a l o r l o n g i t u d i n a l 
l ines . In D r i m y s e s , n o p i t s l ike th i s o c c u r . I t is i n t e r e s t i n g t h a t in the w a l l s o f t r a c h e i d s 
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Plate I 
10. Six tracheids f rom the ray-side of Drimys wimeri. In the walls of tracheids, the simple pits 
are arranged in 1 to 2 lines. (xl75). 
11. Radial side in the tracheids of Drimys colorala. In the f ramed rectangles there are thin-
walled parenchyma cells, with single-line large, simple pits in their walls. (xl60). 
t h e s i m p l e p i t s a r e a l w a y s l o c a t e d in a c e r t a i n d e f i n i t e d i s t a n c e f r o m e a c h o t h e r . A t 
t h e first g l a n c e , t h e s e r e g u l a r c i r c u l a r o p e n i n g s a r e s u r r o u n d e d b y l ight b o u n d l e s a n d 
t h e y l o o k t o u s a s if t h e m i c e l l e s ( ? ) , f o r m i n g t h e p a r t o f t h e w a l l , h a d been a r r a n g e d 
in a s e q u e n c e . In F ig s 10 a n d 11 c a n be o b s e r v e d we l l e n o u g h . 
O b s e r v i n g th i s , it s e e m s t o u s a s if t h e c e n t r a l p i w e r e a l w a y s b e s u r r o u n d e d b y 
t w o s p i r a l p l e x u s e s , e a c h . In F ig . 16 t o t h e le f t f r o m t h e c i p h e r , w e see s u c h d e t a i l s . 
T h e t w o b u n d l e s , r u n n i n g in o p p o s i t e d i r e c t i o n s , lie o n e a b o v e t h e o t h e r w i t h l a t e r a l 
p i t s in t h e m . C o n s e q u e n t l y , t h e t r a c h e i d s f o r m a t u b e - l i k e s y s t e m . T h e t u b e - l i k e 
s t r u c t u r e s a r e t o be s e e n v e r y we l l in F ig . 16 in t h e p a r t a t t h e s m a l l c i p h e r 2. 
T h e s i t u a t i o n wil l b e st i l l m o r e c o m p l i c a t e d , w h e n in t h e wa l l of t h e t r a c h e i d s 
n o t o n l y o n e b u t even t w o o r t h r e e p i t s c a n t a k e p l a c e , in a n a l t e r n a t i n g p o s i t i o n 
w i t h t h e f o v e o l a e b e l o w t h e m . Al l t h e s e a r e v i s ib le o n t h e le f t o f F i g . 8, w h e r e b e l o w 
o n e , a n d a b o v e it, t w o o r t h r e e p i t s lie c lose t o g e t h e r a n d a p p a r e n t l y a l a d d e r - l i k e 
t h i c k e n i n g c o m e s i n t o b e i n g . T h i s is, h o w e v e r , n o r igh t o b s e r v a t i o n b e c a u s e t h e 
s i m p l e p i t s be ing in a n a l t e r n a t i n g s i t u a t i o n , t o u c h i n g w i t h o n e a n o t h e r , s e e m t o b e 
P l a t e I 
12. On the left, there are two elongated tracheids with simple pits. The same pitting is s h o w n 
by the cells of the wide pith rays. On the right of the picture, a tracheid formulation is t o 
be seen. The pith-ray cells are initially cube-like, divided vertically, becoming 4-cellular 
and . at last, longitudinal tracheids (xl20). 
13. Radial structure f rom Magnolia accuminala. On the left, there is a stepped vessel, a b o v e 
a simple perforation. On the right below, they are horizontally elongated. In the walls , 
touching the vessels, there are simple, round pits. This is also a difference between two k inds 
of pith rays (xl20). 
14. An aggregated pith ray f rom Amentiflorae Alnus incana. composed by more than one, one-
or two-layer, smaller pith rays (xl 10). 
15. An aggregated pith ray f rom Drimys colorala. (Tangential side). Tracheid basic substance 
and pith-ray rows (xl 10). 
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d i s t i ngu i shab le c o u n t e r - l a t h s . F o r a p e r f u n c t o r y o b s e r v a t i o n th i s s e e m s t o be a 
l adder - l ike t h i c k e n i n g , w h e r e a s these a re . in f a c t , spi ra l f o r m a t i o n s . T h e m o s t 
in te res t ing in t he se f o r m a t i o n s is t ha t they a r e o f t u b u l a r s t r u c t u r e , they s e e m , t h e r e -
fo re , t o have inside sma l l cavi t ies . In Fig. 17 a t t he t iny c iphers , t he t u b u l e s a r e t o r n , 
s h o w i n g the t u b u l a r s t r u c t u r e c lear ly . 
T h i s sp i ra l s t r u c t u r e essent ia l ly d i f fers f r o m the l adder - l ike t h i c k e n i n g o f 
M a g n o l i a l e s (F ig . 9). D r i m y s e s c a n n o t have o r ig ina t ed f r o m M a g n o l i a l e s , if o n l y 
o n the g r o u n d tha t t he sp i ra l s t r u c t u r e is f o r m e d in a n o t h e r w a y t h a n the l a d d e r -
l ike t h i cken ing . T h e e x p l a n a t i o n of t h a t is in t rache ids , these h o r i z o n t a l t u b u l e s 
seem t o be s t ep - l adde r s , t h e sp i ra l lines a r e r u n n i n g in these paces eery c lo se t o o n e 
a n o t h e r . T h i s is a t u b u l a r s t r u c t u r e , s o m e t h i n g w h i c h cou ld n o t be o b s e r v e d , s o f a r , 
e i ther in p ines o r in d e c i d u o u s t rees . It is p r o v e d by d i f fe ren t a n a t o m i c a l s t r u c t u r e s , 
as well , t h a t D r i m y s e s c a n n o t have o r ig ina ted f r o m M a g n o l i a l e s because the i r w o o d 
a n a n t o m i e s a r e essent ia l ly d i f f e ren t f r o m each o t h e r . (Cf . GOTTWALD.) T h a t t he se 
sp i r a l s a r e t ubu l e s , it is p r o v e d by the c i r c u m s t a n c e , t o o , t h a t in ce r t a in p l aces t u b u l e s 
s e e m t o be o b s t r u c t e d . Th i s can be seen very wel l a t t he lower w h i t e a r r o w o f F ig . 16, 
resp. to t he left f r o m c iphe r 16, a t the edge . T h e r u p t u r e s c a n be o b s e r v e d well a t t he 
sma l l c i p h e r s 1, 2 , 3 , 4 , 5, 6 of Fig . 17. A t c i p h e r 2 , t he cavi t ies a r e t o be seen a t t he 
e n d s o f t he t w o ha l f - r ings . Bo th ends of t he c rescen t - l ike piece, N o . 2. a r e t o r n , 
r e m i n d i n g us o f a c ross -cu t r ing . 
Plate I 
16. Simple pits in the walls of tracheids. On the left, at the arrow, there are simple pit-openings. 
At cipher 16 (in the corner), the cavity, thin wall of the tracheid is to be seen well. The 
dotted line (in the middle) is indicating the formation of two contrary bundles. At the 
small cipher 1, it is visible well enough, as the two bundles interwined surround, resp. form 
the simple pit. At the small cipher 2, the cavity and wall of the tubule is well-observable (x 190). 
16a. Formation of simple pits in the walls of the tracheid of Drimys winteri. 
17. At the small sciphers, the tube-like openings of the cross-thicknesses are to be seen, indi-
cating that these Thicknesses are of tubular and spiral structure (x 190). 
18. In the wide aggregated pith rays, the cube-shaped parenchyma cells are simply pitted, like 
those of tracheids (x75). 
P H Y L O G E N E T I C I M P O R T A N C E O F T H E X Y L O T O M Y A N D G E O G R A P H I C A L DISTRIBUTION 4 9 
A n o t h e r m a t t e r su rp r i s i ng f ac t is a l s o s h o w n by the s t r u c t u r e of p i th rays . 
Fig . 8, as m e n t i o n e d , in D r i m y s e s , s o m e pi th r ays d e v e l o p , a s well ; genera l ly , t h e y 
a r e o n e cell layer o r 1 5 - 2 0 cells w ide , a n d gene ra l ly of h e t e ro g en i o u s n a t u r e . In 
Fig. 12, t he m a r g i n a l cel ls o f t he w ide p i t h r ays a r e o f d i f fe ren t l eng th . In i t ia l ly 
they a r e o n e , t h e n t w o , l a te r o n f o u r cells long a n d b e c o m e h i g h t racheids . T h e i n n e r 
cells a r e , h o w e v e r , r a t h e r i sod iame t r i c a n d s i m p l y p i t t ed . O n the o t h e r h a n d , h o w e v e r , 
r a the r i s o d i a m e t r i c a n d s i m p l y p i t t ed . O n the o t h e r h a n d , t he cells of p i t h rays o f 
M a g n o l i a e (F ig . 13) a n d genera l ly of t he h i g h e r w o o d y . 
T h e geographica l dis t r ibut ion of Dr imyses 
T h e vesselless D r i m y s e s b e l o n g to t he s imi lar ly vesselless W i n t e r a c e a e fami ly . 
C o n c e r n i n g this , we can r ead in M m CALF'S b o o k t h e f o l l o w i n g : " A fami ly o f t rees 
a n d s h r u b s , o c c u r r i n g chief ly in ce r t a in p a r t s o f S o u t h - E a s t As ia a n d S o u t h A m e r i c a . 
Drimys is t he on ly g e n u s wh ich o c c u r s in b o t h t he O l d a n d N e w W o r l d s . S m i t h , 
w h o h a s recent ly revised t h e t a x o n o m y of t h e f ami ly , p o i n t s ou t t ha t the a m e r i c a n 
species a r e al l h e r m a p h r o d i t e s , w h e r e a s t hose f r o m the Old Wor ld a r e d i o e c i o u s 
(Fig. 19). 
O n the o t h e r h a n d , in ENGLER-PRANKL'S p a p e r w e c a n a l r eady read s o m e d a t a 
in d e t a i l : " D r i m y s , Bl. , zwi t te r ig , p o l y g a m o d e r d ik l in . U n g e f a h r 40 A r t e n , d a v o n 
D. Winteri F o r s t in ve r sch i edenen Var i e t e t en v o n M e x i c o bis z u r M a g e l l a n - S t r a s s e 
in den G e b i r g e n u n d h o h e r gelegenen G e g e n d e n , 4 A r t e n in Aus t ra l i en , 2 in N e u -
see land , j e 1 in N e u k a l e d o n i e n , N e u g u i n e a u n d B o r n e o (F ig . 19). 
Bu t w h a t is t he c o n n e c t i o n be tween t h e g e o g r a p h i c a l d i s t r ibu t ion of D r i m y s e s , 
x y l o t o m y , a n d the d i s t r i b u t i o n of the i r g e n e r a ? Seeming ly no th ing . Bu t essent ia l ly , 
we can d r a w f a r - r e a c h i n g conc lu s ions f r o m t h e c o n n e c t i o n of these . In o r d e r t o 
19. The geographical distribution of the homoxylic Drimyses. They are hermaphroditic in the 
whole South America (ca. 35 species), while in South-East Asia, in one or two islands, only 
four-five dioecious species live. 
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Fig. 20. The hermaphrodit ic amentiflorae, flower, fruit , seed, and pollen grains of Tetracen-
tron sinense. 
Fig. 21. The staminate and pistillate unisexual amentiflorae of the dioecious Salix. 
u n d e r s t a n d t h e f o l l o w i n g , w e h a v e t o m e n t i o n c e r t a i n b a s i c l a w s o f gene t i c s . W h i c h 
a r e t h e s e ? E v e r y l iv ing b e i n g , b e it a n i m a l o r p l a n t , m o n o c e l l u l a r o r g i g a n t i c , h a s 
s o m e sex . I t is, t h e r e f o r e , e i t h e r m a l e or f e m a l e . O r , it m a y b e h e r m a p h r o d i t i c . 
T o t h i s r u l e , t h e r e is n o e x c e p t i o n . T h u s , it c o n c e r n s t r ees , i .e. h o m o x y l i c D r i m y s e s , 
a s we l l . D r i m y s e s a r e l a n d p l a n t s . E a c h i n d i v i d u a l d e v e l o p s f r o m a s e e d . T h e s e e d , 
h o w e v e r , a l r e a d y c o n t a i n s t h e s e x u a l c h a r a c t e r , a s we l l . F r o m o n e s e e d , o n l y a m a l e , 
i.e. a p o l l i n i f e r o u s i n d i v i d u a l d e v e l o p s . T h e p l a n t i t se l f is d i o e c i o u s , i.e. a m p h i b i o u s , 
b e c a u s e t h e p r o g e n y , i .e. t h e s e e d n e e d s t w o k i n d s o f p a r e n t s t o i ts f o r m a t i o n . T h e s e 
a r e t h e so - ca l l ed h o m o s p e r m a t i c p l a n t s (F ig . 21) . F r o m t h e o t h e r k i n d o f s e e d s , 
i n d e p e n d e n t l y o f i ts s ize , an i n d i v i d u a l d e v e l o p s , in w h i c h t h e t w o k i n d s o f m u l t i p -
ly ing o r g a n s ge t n e a r e r t o e a c h o t h e r . T h u s , t h e c r e a t i o n o f p r o g e n y b e c o m e s s u r e r . 
I n these^ in c e r t a i n s h o o t s , p o l l i n i f e r o u s flowers ( c a t k i n s ) d e v e l o p , w h i l e in o t h e r 
s h o o t s f e m a l e flowers. P o l l i n a t i o n is u n c e r t a i n e n o u g h in b o t h c a s e s b e c a u s e i t t a k e s 
p l a c e b y t h e m e d i a t i o n o f t h e w i n d . A t a n y r a t e , t h i s s e e m s t o b e m o r e a d v a n t a g e o u s 
f r o m t h e p o i n t o f v iew o f t h e p r o g e n y t h a n t h e d i o e c i o u s s t a t e is . 
T h e t h i r d t y p e o f s e e d s is, w h e n f r o m t h e s a m e k i n d o f s e e d s t h e s a m e k i n d s o f 
i n d i v i d u a l s d e v e l o p . T h e s e a r e t h e m o s t h igh ly d e v e l o p e d s e e d y l a n d p l a n t s , a n g i o -
s p e r m s . P o l l i n a t i o n t a k e s h e r e a l r e a d y p l a c e g e n e r a l l y b y t h e m e d i a t i o n o f i n -
sec t s . T h e h e r m a p h r o d i t i c s t a t e is t h e r e f o r e , m o r e d e v e l o p e d , t h o u g h y o u n g e r , 
t h a n m o n o e c i s m o r d i o e c i s m . In t he c o u r s e o f p h y l o g e n y , a s w e l l , t h e d i o e c i o u s 
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p l a n t s wi th c h a n g i n g sex a n d the m o n o e c i o u s ones , t h u s C o n i f e r a e , C y c a d a c e a e , 
f rc . , e tc . a p p e a r e d a s first f r o m a m o n g the h i g h - g r o w i n g p l a n t s . It is in te res t ing tha t 
t e o m a m o n g the P ine famil ies ( T a x o d i a c e a e ) a r e r a t h e r m o n o e c i o u s n o r t h o f t he 
E q u a t o r , whi le t he d ioec ious ones , t h u s A r a u c a r i a c e a e , P o d o c a r p a c e a e , T a x a c e a e , 
C y c a d a c e a e a r e m a i n l y d i s t r i b u t e d in t he s o u t h e r n g lobe . 
A p p l y i n g th i s l aw of n a t u r e t o D r i m y s e s , as well , a m o n g which the re a r e b o t h 
l i roec ious a n d m o n o e c i o u s o n e s a n d h e r m a p h r o d i t e s , we see tha t a m o n g these , the 
d e h m a p h r o d i t e s a r e t he y o u n g e s t , a n d the d ioec ious ones t he m o s t a n c i e n t , i.e. t he 
odes t ones . TAKHTADJAN rega rds t h e y o u n g e s t type , i.e. t he M a g n o l i a l e s w i t h 
h e r m a p h r o d i t i c f lowers as t he first in t h e f o r m a t i o n of a n g i o s p e r m s . In o u r o p i n i o n , 
this is e r r o n e o u s . F o r p r o v i n g this , w e o n l y m e n t i o n t h e fo l lowing . T h o s e w i t h 
h e r m a p h r o d i t i c flowers t he a n c i e n t o n e s , then h o w can they ar r ive a t t he s t a t e o f 
s e p a r a t e d sex , d i o e c i s m ? In th i s case , t hose wi th h e r m a p h r o d i t i c flowers s h o u l d 
d e v e l o p ins t ead of o n e seed po l len resp . individual . ( T w o seeds, wi th t he o r g a n s o f 
p r o p a g a t i o n in t h e m , in o r d e r t o d e v e l o p of t h e m hea l thy p rogeny . Bu t this w o u l d 
be c o n n e c t e d wi th a n e n o r m o u s w a s t e o f ma te r i a l . T h e y wou ld h a v e to r e n o u n c e 
the su re r po l l i na t i on by insects a n d c h o o s e t he unce r t a in po l l ina t ion b y w ind , etc . , 
e tc . Such a poss ib i l i ty h a s s o fa r n o t o c c u r r e d , as yet . 2) A n d if we c o n s i d e r d ioec i sm 
as m o r e a n c i e n t — a s w e d o — w e c o u l d r e n o u n c e t he c r ea t i on of t he o t h e r a n i m a l . 
T h i s w o u l d , a t a n y ra te , m e a n e c o n o m y of ma te r i a l s , t o o , but t he se w o u l d ge t , 
ins tead of t he u n c e r t a i n po l l u l a t i on by w ind , in to t he s t a t e o f the m u c h m o r e ce r t a in 
po l lu l a t ion by insects . T h i s h a s fo l lowed in S o u t h A m e r i c a a n d S o u t h - E a s t As i a , 
w h e n the h e r m a p h r o d i t i c Drimys species ( the S o u t h - A m e r i c a n s in 85 p .c . ) o v e r r a n 
the l a t t e r c o n t i n e n t , whi le t he f o u r to five d i o e c i o u s species , h a v i n g surv ivd ine 
S o u t h - E a s t - A s i a a r e dy ing o u t , s h o w i n g t h a t d ioec ism is t h e m o r e anc i en t , o lde r , 
a n d the h e r m a p h r o d i t i c s t a t e t h e y o u n g e r , m o r e succes fu l a n d a d v a n t a g e o u s , as wel l . 
T h e h e r m a p h r o d i t i c s t a t e r a t h e r p r o m o t e s t he g r e a t e r a n d f a s t e r d i s t r i b u t i o n . 
A t p r o p a g a t i o n , t he h e r m a p h r o d i t i c s t a t e a n d m o n o e c i s m n e e d o n l y o n e , d ioec ism 
a lways t w o k i n d s o f seeds , t h a t is t o say , t w o t imes s o m a n y . T h e d o u b l e a m o u n t 
of seeds needs a d o u b l e a r ea . T h e r e f o r e , d i s t r i b u t i o n a l s o needs a la rger t e r r i to ry . 
T h u s , it is h a n d i c a p p e d t o t he m o n o e c i o u s a n d h e r m a p h r o d i t i c i nd iv idua l s . A n d 
in t he s t r u g g l e f o r l ife, th i s is a very i m p o r t a n t c i r cums t an ce . 
T h e d ioec ious p l a n t s a re , t h e r e f o r e , ful ly a n d necessar i ly p u s h e d i n t o t h e b a c k -
g r o u n d by the h e r m a p h r o d i t i c s t a t e , a s a c o n s e q u e n c e of w h i c h the d ioec ious p l a n t s 
b e c o m e m o r e a n d m o r e e x h a u s t e d a n d per i sh . In t he c o u r s e of p h y l o g e n y , t o o , in 
t he va r ious geologica l ages , t he species p reva i l ed , t he r e p r o d u c t i v e o r g a n s , resp . 
t he g a m e t e s of wh ich h a v e g o t as c lose t o o n e a n o t h e r , in s p a c e a n d t ime, as it w a s 
poss ib le . 
In t he o p i n i o n of t he a u t h o r , it is n o t o n l y i m p r o b a b l e b u t even imposs ib le , t o 
o r ig ina t e t he d ioec i sm f r o m t h e h e r m a p h r o d i t i c flowers of a n g i o s p e r m s , b e c a u s e it 
w o u l d be o p p o s i t e to e v o l u t i o n . T h e inversed p rocess is n a t u r a l . T h e un i sexua l 
f l o w e r s a r e m o r e a n c i e n t a n d the b i sexua l o n e s a r e y o u n g e r , this is verif ied by the 
pa l aeon to log i ca l a n d po l l enana ly t i ca l d a t a , as well a s by t he enc losed P ia t e s , t o o . 
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A b s t r a c t 
The floral nectaries of 3 varieties and 45 species of 26 genera of the family Papilionaceae 
were investigated. On the basis of results the following statements were made : 1. The species 
investigated can be ranged into 8 groups on the basis of the external morphology and anatomy 
of their nectaries. 2. It is possible to arrange the nectaries in a morphogenetical order according 
to their external appearances, whereby conclusions can be drawn concerning the phylogeny of 
the species of Papilionaceae. 3. The most ancient species (10 species) do not have floral nectaries, 
whereas those at higher stages of phylogenetic development (17 species) do. The species with 
automorphic floral nectary represent the highest stage of evolution (21 species). Even of them, 
those with zygomorphic and differentiated nectaria are regarded as the most developed ones, 
i.e. the youngest species. It was also possible to differentiate 6 subgroups within this latter type. 
It is likely that several forms of transition exist among the types listed. 4. The secretion of nec-
taries with greater gland volume have a higher sugar value. There is a linear correlation between 
the two. 
I n t r o d u c t i o n 
S e v e r a l r e p o r t s a p p e a r e d in t h e las t d e c a d e s in s o n n e c t i o n w i t h t h e s t r u c t u r e 
a n d p r o d u c t i o n o f floral n e c t a r i e s . O f t h e m , h o w e v e r , o n l y a f e w (VELENOVSKY, 1910; 
B R O W N , 1 9 3 8 ; G U L Y Á S . 1 9 6 8 ; F A H N , 1 9 5 1 ; G O V I L , 1 9 7 5 ; T A C I N A , 1 9 7 8 ) c a n b e s a i d 
t o c o n t a i n v a l u a b l e i n f o r m a t i o n o n t h e a p i c u l t u r a l v a l u e , s t a g e o f d e v e l o p m e n t o f t h e 
s p e c i e s o f a p l a n t f a m i l y a s e s t a b l i s h e d o n t h e bas i s o f t h e m e a s u r e m e n t s a n d s t r u c t u r e 
o f s u g a r y fluid-secreting g l a n d s . In t he ca se o f s o m e f ami l i e s ( R a n u n c u l a c e a e , 
R o s a c e a e , M a l v a c e a e ) t h e o c c u r r e n c e a n d d ive r s i t y in s h a p e o f t h e nec t a r i e s o f t h e i r 
spec ies c a n b e o f t a x o n o m i c a l p h y l o g e n e t i c a l i m p o r t a n c e (SCHWEIDLER, 1930 ; 
G R E G O R Y , 1 9 1 5 ; J A N D A , 1 9 3 7 ; N O R R I S , 1 9 4 1 ; D A U M A N N , 1 9 3 0 , 1 9 3 1 ; B R O W N , 1 9 3 8 ; 
WERT, 1941) . BROWN (1938) c l a i m s t h a t spec ies w i t h d i s c u s - t y p e nec t a r i e s a r e 
p h y l o g e n e t i c a l l y r e l a t e d t o o n e a n o t h e r . A c c o r d i n g t o h i m E r i c a l e s - P a l e m o n i a l e s -
B o r a g i n a l e s - S o l a n a l e s - P e r s o n a l e s - L a m i n a l e s f o r m s a l ine o f r e l a t i o n s h i p , a n d t h a t 
a s i m i l a r r e l a t i o n s h i p ex i s t s b e t w e e n spec ies w i t h r i n g - s h a p e d n e c t a r y a t t h e ba se o f 
t h e i r filaments ( C a r y o p h y l l a l e s - P o l y g o n a l e s - C h e n o p o d i a l e s ) . VELENOVSKY (1910) 
r a n g e d t h e s p e c i e s o f C r u c i f e r a e i n t o s u b g r o u p s o n t h e bas i s o f o c c u r r e n c e a n d 
n u m b e r o f floral n e c t a r i e s . GULYÁS (1968) se t u p a m o r p h o g e n e t i c a l o r d e r o f succes -
s i o n w i t h i n t h e f a m i l y L a b i a t a e . 
T h e c u l t i v a t i o n o f s u c h v a r i a t i e s a n d t y p e s o f o u r c u l t u r e p l a n t s , w h i c h p r o d u c e 
n e c t a r y in g r e a t e s t a m o u n t a n d o f h i g h e r s u g a r c o n t e n t w o u l d f a v o u r a b l y i n f l u e n c e 
t h e h o n e y p r o d u c t i o n o f b e e s a n d i n c r e a s e t he c r o p b e c a u s e o f in fa l l ib le p o l l i n a t i o n . 
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T h u s , in t h e k n o w l e d g e o f e x p e r i m e n t a l r e su l t s w e a r e n o w in t h e p o s i t i o n t o f o r e t e l 
t h e n e c t a r p r o d u c t i o n o f a flower — u n d e r o p t i m a l e x t e r n a l c o n d i t i o n s — if w e 
k n o w t h e s i ze a n d s t r u c t u r e o f i ts n e c t a r y . In t h i s s e n s e , t h e k n o w l e d g e o f t h e m o r -
p h o l o g y a n d a n a t o m y o f n e c t a r i e s is o f g r e a t s i g n i f i c a n c e f r o m e c o n o m i c a l v i e w -
p o i n t . A t t h e s a m e t i m e , i n v e s t i g a t i o n s o f t h i s k i n d h a v e a l s o p r o v i d e d m a n y n e w 
a n d u s e f u l t a x o n o m i c a l p h y l o g e n e t i c a l , e tc . d a t a f o r b o t a n y . T h e o b j e c t i v e o f t h i s l 
s t u d y w a s t o d e m o n s t r a t e t h e a p i c u l t u r a l l y m o s t v a l u a b l e t y p e s o f n e c t a r i e s a n d 
t h e i r s t r u c t u r e o f t h o s e spec ies o f t he e c o n o m i c a l l y a l s o ve ry i m p o r t a n t P a p i l i o n a c e a c e 
( c o m p r i s i n g a b o u t 10 0 0 0 spec ies ) , w h i c h a r e m o s t w o r t h c o n s i d e r a t i o n in o u r c o u n t r y . 
M a t e r i a l and M e t h o d s 
For the solution of the above mentioned problems the following 3 varieties, 45 species 


























Sophora japónica L. 
Lupinus albus L. 
Genista tinctoria L. 
Laburnum anagyroides MEDIC. 
Cytisus albus HACQ. 
Cytisus ciUatus WAHLB. 
Cytisus hirsutus L. ssp. leucotrichus (SCHUR) A. et G. 
Ononis spinosa L. 
Medicago falca ta L. 
Medicago sativa L. 
Medicago minima L. DESR. 
Me I i lot us officinalis L. 
Trifolium hybridum L. 
Trifolium incarnatum L. 
Trifolium pratense L. 
Trifolium repens L. 
Trifolium campestre SCREB. 
Trifolium aureum POLLICH. 
Anthyllis vulneraria L. 
Tetragonolobus maritimus (L.) ROTH ssp. siliquosus (L.) MURB. 
Lotus corniculatus L. 
Amorpha fruticosa L. 
Galega officinalis L. 
Robinia hispida L. 
Wistaria sinensis (SIMS) DC. 
Colutea arborescens L. 
Lespedeza bicolor TURCZ. 
Desmodium canadense (L.) DC. 
Caragana arborescens LAM. 
Caragana frutex C. KOCH. 
Astragalus glycyphyllus L. 
Glycyrrhiza echinata L. 
Coronilla varia L. 
Onobrychis viciaefolia SCOP. 
Vicia fab a L. 
Vicia cracca L. 
Vicia sativa L. 
Lens culinaris MEDIC. 
Lathyrus tube ros us L. 
Lathyrus hyrsutus L. 
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Lathyrus aphaca L. 
Lathyrus odoratus L. 
25. Pisum Pisum sativum L. 
26. Phaseolus Phaseolus coccineus L. 
Phaseoius multiftorus LAM. 
Phaseolus vulgaris L. var. communis "Sulphur" 
Phaseolus vulgaris L. var. nanus "Aranka" 
Phaseolus vulgaris L. var. communis 'Juliska' 
The floral neciaries of the above species were investigated concerning their places of occur-
rence, types and structure. In the course of that, correlation was sought between the measure-
ments of the gland and nectar production in 18 cases. These studies were performed in ihe 
Botanical Garden of the Botanical Department of Attila József University. Szeged in the maximal 
floral season of species. Before the analysis of the sugary fluids, the flowers were covered with 
a 2 mm mesh-size net for 24 h. then the nectar was collected by means of thinner of thicker 
glass capillaries conform to the size of the flowers at 7.00 a .m. (DEMIANOWICZ and HLYM. 1960). 
Nectars of 200 flowers were weighed in the case of each species. The amount of nectar was 
determined by means of analytical resp. torsion balance, its dry matter content by using an Abbé 
refractometer and the sugar value of nectar on the basis of the following equat ion: 
N 
S = _ Dm% 
100 
where S = s u g a r value, Ar = amount of nectar in mg produced in one flower during 24 hours. 
D m % = dry matter. 
The plant species investigated grew on ameliorated silty clay soil. Macroclimatic data 
during the period of investigation were recorded by the meteorological apparatuses of the Bota-
nical Garden (relative atmospheric moisture content, temperature). 
It did not belong to the scope of these studies to seek correlation between climatic changes 
and nectare production. The nectar yields of plants grown in similar situations and the sugar 
values of them were related only to their gland volumes. Values for gland volume were calculated 
by approximation to the most corresponding geometrical fo rm. In the case of nectaries with 
a more complicate structure, the volume was approximated by division into several subforms. 
To make the calculation of the necessary measurements more easy, the corresponding sections of 
10 glands of each species were projected on a squared plotting paper. The data were converted 
to mm1 . The correlation between calculated gland volume and sugar value was established by 
two-variable linear regression analysis (SVÁB, 1973). These examinations pertain only to the 
aforementioned 13 species of the following genera: Colutea. Sophora, Caragana. Vicia, Lotus 
Meliotus, Onobrychis. Amorpha. Medicago and Trifolium. In the case of the other species and 
varieties only the structure was analysed. For the investigation of structural composition, 
the floral nectaries were fixed in ethanol, then kept in Strassburger-Flemming preservative 
(SÁRKÁNY and SZALAI, 1966) until their embedding in celloidin (KISSER. 1926; ROMEIS, 1948-
GULYÁS. 1968). From each nectary, 3200 longitudinal resp. transversal sections were made in 
the medial resp. transversal plane of section. For microscopic analysis the sections were double-
stained with haematoxylin eosin and covered with Canada balsam. 
Resul t s 
1. M o r p h o l o g y o f n e c t a r i e s ( e x t e r n a l m o r p h o l o g y ) 
In th i s p a p e r o n t h e n e c t a r i e s o f s o m e p a p i l l i o n a c e a n g e n e r a FREI (1955 ) m a k e s 
m e n t i o n o n l y o f g l a n d s o f e p i m o r p h i c type . GULYÁS a n d KINCSEK (1977) r a n g e d t h e 
f l o w e r s o f t h e v a r i o u s m e m b e r s o f P a p i l i o n a c e a e i n t o 3 g r o u p s : a = s p e c i e s w i t h 
flowers w i t h o u t n e c t a r y . b = t h o s e w i t h n e c t a r y o f e p i m o r p h i c t y p e . c = t h o s e 
h a v i n g a u t o m o r p h i c n e c t a r i e s . It h a s been t h e f u r t h e r e x t e n d i n g o f t h e s e s t u d i e s 
(KINCSEK, 1977), t h a t m a d e it p o s s i b l e f o r u s t o d i s c r i m i n a t e n o w 6 f o r m s o f a u t o -
m o r p h i c n e c t a r i e s ( P l a t e I) . T h u s , t he flowers o f p a p i l i o n a c e a n spec ies i n v e s t i g a t e d 
b y u s c a n b e r a n g e d i n t o 8 g r o u p s o n t h e bas i s o f t h e i r n e c t a r i e s : 
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1. In t h e flowers o f s p e c i e s b e l o n g i n g i n t o t h e first g r o u p t h e r e is n o n e c t a r y . 
T h e s e spec ies a r e : Coronilla varia L . , Cylisus albus H A C Q . , Galega officinalis L . , 
Genista tinctoria L . . Laburnum anagyroides M E D I C . , Ononisspinosa L . , Lupinus albus L . , 
Trifolium aureum P O L L I C H . , Tetragonolobus marilimus ( L . ) R O T H , s s p . siliquosus 
( L . ) M U R B . , Desmodium canadense ( L . ) D C . T h e s e t o g e t h e r m a k e 2 0 . 8 3 % o f t h e 
spec ies i n v e s t i g a t e d . 
2. N e c t a r y o f e p i m o r p h i c t y p e , l o c a t e d a r o u n d t h e b a s e of t h e g y n o e c i u m in 
t h e i n n e r s i d e o f t h e r e c e p t a c l e : Sophora japonica L . , Cylisus cilialus W A H L B . , 
Medicago falcata L., M. saliva L„ M. minima L., Trifolium hybridum L., Anthyllis 
vulneraria L., Lotus corniculatus L., Amorpha fruticosa L„ Colutea arborescens L., 
Caragana arborescens L A M . , C.frutex c . K O C H . , Glycyrrhiza echinala L . , Vicia/aba L . , 
Lens culinaris M E D I C . , Lalhyrus luberosus L . , Pi sum sativum L . T h e s e c o n s t i t u t e 
3 5 . 4 % o f t h e i n v e s t i g a t e d s p e c i e s . 
3 . O n e p a r t o f t h e n e c t a r y i s e p i m o r p h i c , t h e o t h e r p a r t l oca l i t ed o p p o s i t e 
t o t h e 10 f r e e s t a m e n s f o r m s a r i n g - l i k e p r o t r u s i o n : Trifolium campesire S C H R E B . , 
Astragalus glycyphyllus L., Lalhyrus odoratus L., L. hirsulus L. These make 8.3% 
of t h e i n v e s t i g a t e d spec i e s . 
4 . T h e n e c t a r y is flattened r i n g - s h a p e d , i .e. a u t o m o r p h i c . Cylisus hirsulus L. 
s sp . leucolrichus ( S C H U R ) A . e t G . , Melilotus officinalis L . , Lalhyrus aphaca L . T h e s e 
c o n s t i t u t e 6 . 2 % o f t h e i n v e s t i g a t e d spec ies . 
5 . N e c t a r y a u t o m o r p h i c , s u r r o u n d i n g r i n g - l i k e t h e ba se o f t h e o v a r y . 
Trifolium pralense L . , T. repens L . , T. incarnalum L . , Onobrychis viciaefolia S C O P . . 
Vicia cracca L. T h e s e c o n s t i t u t e 10.4% o f t h e i n v e s t i g a t e d species . 
6 . T h e n e c t a r y s u r r o u n d s p i p e - l i k e t h e b a s e o f t h e g y n o e c i u m . I t is a u t o -
m o r p h i c . R o b i n i a h i s p i d a L . , Wistaria sinensis ( S I M S ) D C . , Lespedeza bicolor 
TURCZ. T h e s e r e p r e s e n t 6 . 2 % o f t h e i n v e s t i g a t e d spec ies . 
Plate II. Phaseolus multiflorus LAM. (X17) 
Phaseolus vulgaris L. var. com. "Ju l i ska" (xl5) 
N = Nectary 
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Plate III. Phaseolus coccineus L. (x25) Robinia hispida L. (x8) N = Nectary 
7. T h e n e c t a r y is p ipe - l i ke , b u t o n t h e s i d e o f t h e f r e e s t a m e n s it is l o w e r , 
a u t o m o r p h i c . Phaseolus coccineus L., P. mulliflorus LAM.. P. vulgaris L. var. 
communis "Sulphur", P. vulgaris L. var. nanus, "Aranka". P. vulgaris L. var. communis 
" J u l i s k a " . 10.4% o f t h e i n v e s t i g a t e d spec ies b e l o n g t h e r e ( P l a t e I I . , I I I ) . 
8. T h e p a r t o f t h e r i n g - s h a p e d a u t o m o r p h i c n e c t a r i e s o p p o s i t e t o t h e 
t e n t h f r e e s t a m e n is t o n g u e - l i k e e l o n g a t e d . Vicia saliva L. T h i s c o n s t i t u t e s 2 . 0 % 
o f t h e i n v e s t i g a t e spec i e s . 
T h e r e s u l t s r e p o r t e d h e r e s h o w t h a t t he n e c t a r i e s o f t h e spec ies o f P a p i l i o n a c e a e 
a r e m o s t v a r i e d in s h a p e . I t is a l s o p o s s i b l e t o a r r a n g e t h e v a r i o u s n e c t a r i e s in a 
m o r p h o g e n e t i c a l o r d e r o f s e q u e n c e . W i t h i n t h e f a m i l y , t h o s e s p e c i e s c a n b e r e g a r d e d 
a s t h e m o s t a n c i e n t o n e s w h i c h h a v e n o n e c t a r i e s . In t h e m o r e d e v e l o p e d f o r m s 
e p i m o r p h i c n e c t a r i e s a p p e a r in t h e flowers. T h e n e x t s t a g e o f d e v e l o p m e n t is r e p r e -
s e n t e d b y spec ies w i t h a u t o m o r p h i c nec t a r i e s , t h o u g h h e r e t h e n e c t a r i e s s t i l l e x h i b i t 
r a d i a l s y m m e t r y . 
T h o s e s p e c i e s o f t h e P a p i l i o n a c e a e a r e t h e m o s t d e v e l o p e d o n e s w h i c h h a v e 
z y g o m o r p h i c a u t o m o r p h i c n e c t a r i e s . T h e d i f f e r e n t i a t i o n o f d e v e l o p m e n t a l s t a g e s 
o n t h e b a s i s o f n e c t a r i e s is n o t o n l y pos s ib l e w i t h i n t h e f a m i l i e s , b u t w i t h i n g e n e r a o f 
g r e a t s p e c i e s n u m b e r , t o o . E .g . , t h e t h r e e Cytisus s p e c i e s r e p r e s e n t 3 s t a g e s o f 
d e v e l o p m e n t . S i m i l a r l y , 3 d e v e l o p m e n t a l l eve l s c a n b e d i f f e r e n t i a t e d in t h e g e n e r a 
Colutea, Vicia and Lalhyrus. On the other hand, in the case of Trifolium, besides 
Plate IV. Longitudinal sections of nectaries 
1. Lathyrus aphaca L. (x70) 
2. Glycyrrhiza echinala L. (x200) 
3. Colulea arborescens L. (xl 10) 
4. Vicia cracca L. (xl90) 
5. Lathyrus odoratus L. (x85) 
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Plate IV 
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1. Sop hora japónica L. 
2. Cytisus cilialus WAHLB. 
3. Medicago falcata L. 
4. Medicago saliva L. 
5. Medicago minima L DtSR 
6. Trifolium hybridum L. 
7. Anlhyllis vulneraria L. 
8. Lotus corniculatus L. 
9. Amorpha fruticosa L. 
10. Colutea arborescens LAM. 
11. Caragana arborescens LAM. 
12. Caragana frutex C. KOCH. 
13. Glycyrrhiza echinata L. 
14. Vicia fabaL. 
15. Lens culinaris MEDIC. 
16. Lathyrus tuberosus L. 
17. Pis um sativum L. 
18. Trifolium campestre SCREB. 
19. Astragalus glycyphyllus L. 
20. Lathyrus odoratus L. 
21. Lathyrus hyrsutus L. 
22. Cytisus hyrsutus L. ssp. leucotriclius 
( S C H U R ) Á . e t G . 
23. Melilotus officinalis L. 
24. Lathyrus aphaca L. 
25. Trifolium pratense L. 
26. Trifolium re pens L. 
27. Trifolium incarnatum L. 
28. Onobrychis viciaefolia SCOP. 
29. Vicia cracca L. 
30. Robinia hispida L. 
31. Wistaria sinensis (SIMS) DC. 
32. Lespedeza bicolor TURCZ. 
33. Phaseolus coccineus L. 
34. Phaseolus multiflorus LAM. 
35. Phaseolus vulgaris L. var. communis. Juliska. 
36. Phaseolus vulgaris L. var. communis. Sulphur, 
37. Phaseolus vulgaris L. var. nanus, Aranka 
38. Vicia sativa L. 
phloem phloem -r 
xylem 
+ 






spec ies wi th 3 d i f f e r e n t t y p e s o f nec ta r i e s , t h o s e w i t h o u t n e c t a r i e s a r e a l s o f o u n d . 
T h u s t h i s g e n u s e x h i b i t i n g 4 d i f f e r e n t d e v e l o p m e n t a l s t a g e s c a n be r e g a r d e d a s t h e m o s t 
d ive r s i f i ed o n e ( P l a t e IV). 
S t r u c t u r e o f t h e n e c t a r y 
C o n c e r n i n g t h e s t r u c t u r e o f n e c t a r i e s it is k n o w n t h a t the i r g l a n d u l a r t i s sue 
is o f e p i d e r m a l o r i g i n a n d is m a d e u p of p a r e n c h y m a a n d v a s c u l a r b u n d l e s . Q u a l i t y 
a n d q u a n t i t y o f t h e p r o d u c e d s u g a r y fluid a r e d e t e r m i n e d b y t h e n u m b e r a n d c o m p o -
s i t ion o f t h e v a s c u l a r b u n d l e s a n d t h e s ize o f t h e g l a n d . A c c o r d i n g t o FREI (1955 ) 
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the vascular bundles , in case they o c c u r in the nectar ies o f Papi l ionaceae , a r e m a d e 
u p solely o f p h l o e m e lements . O w n invest igat ions have s h o w n tha t 44% of the 
nectar ies o f pap i l ionacean species c o n t a i n vascular bundles . Of them 34% con ta in 
only p h l o e m e lements , 10% xylem a n d p h l o e m e lements toge ther . It is k n o w n tha t 
g lands suppl ied with vascular b u n d l e s a lways p r o d u c e suga ry fluid in a b u n d a n c e . 
Table 2. Volumes and sugar values of nectaries 
Volume of Sugar value nectary 
Name of species 
X(mm') Y(mg) 
1. Colulea arborescens 0 . 6 5 3 0 . 9 0 
2 . Sophora japónica 0 . 5 2 5 0 . 9 8 
3 . Caragana arborescens 0 . 3 2 2 0 . 4 0 
4 . Caragana frutex 0 . 2 1 3 0 . 5 0 
5 . Vicia cracca 0 . 1 8 9 0 . 1 0 (KARTASOVA, 1 9 5 7 ) 
6 . Lotus corniculatus 0 . 1 5 1 0 . 3 0 (BEUTI e r , 1 9 4 1 ; K U I IEV, 1 9 5 2 ; 
PÉTER, 1971 ; KUBISOVA-KROPACOVA 
a n d NEDBALOVA, 1 9 7 5 ) 
7 . Melilotus officinalis 0 . 0 9 9 0 . 1 2 (KULIEV, 1 9 5 2 ) 
8 . Onobrychis viciaefolia 0 . 0 6 7 0 . 2 1 (PÉTER, 1 9 7 1 ) 
9 . Amorpha fruticosa 0 . 0 3 8 0 . 1 1 (PÉTER, 1 9 7 1 ) 
10. Trifolium repens 0 . 0 0 8 0 . 1 5 (MAURIZIO, 1 9 5 8 ; PÉTER, 1 9 7 2 ) 
11 . Medicago sativa 0 . 0 0 6 0 . 0 9 (GLUKOV, 1 9 5 0 ; KROPACOVA, 
1 9 6 0 ; PÉTER, 1 9 7 2 ) 
12. Trifolium pratense 0 . 0 0 5 0 . 1 3 (OSZTASCSENKO a n d KUDRJACEVA, 
1 9 5 6 ; PÉTER, 1 9 7 1 ) 
0 . 0 7 (KULIEV, 1 9 5 2 ) 13. Trifolium campestre 0 . 0 0 2 
A f t e r t h e s u g a r values no t de t e rmined by ourselves the l i terary source is indi-
ca ted . If in the case of the s a m e species m o r e t h a n one li terary d a t a were avai lable , 
the averages o f d a t a were t aken i n t o cons ide ra t ion . T h e fol lowing cor re la t ion was 
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f o u n d between calcula ted gland vo lumes (mm 3 ) a n d weighed s u g a r values (mg) resp . 
sugar va lues taken over f r o m l i tera ture . Nec ta r ies o f g rea te r capac i ty have g rea t e r 
sugar values . The re is a l inear cor re la t ion between the two (F ig . 1). T h e regress ion 
coefficient o f the l inear regression equa t ion s h o w s tha t e.g. 1 m m 3 gland p r o d u c e s 
1.3737 m g sugar du r ing 24 h o u r s . This value is t rue in t h e interval x = 0 . 0 0 2 - 0 . 7 . 
On principle , a s a tu ra t ion g r a p h assures a m u c h bet ter a p p r o x i m a t i o n o f t h e 
re l a t ionsh ip between gland vo lume and sugar va lue . Howeve r , to d o this the n u m b e r 
o f x—y shou ld be increased, resp. ex tended t o the interval beyond the value x = 0 . 7 . 
T h e s a t u r a t i o n a l re la t ionsh ip can be explained by the fac t t ha t wi th t h e increas ing 
of g l a n d u l a r vo lume the ra t io be tween g landu la r t issue and g landu la r p a r e n c h y m a 
g radua l ly decreases . It is the task o f f u r t h e r invest igat ions to verify this. 
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Abs t rac t 
Pollen grains of the genera Castanea, Castanopsis, Chrysophylla and Pasania were investi-
gated. Light microscopically almost all pollen grains were psilate, tricolporate. On the basis 
of light microscopic features, it was possible to differentiate various types which can be also 
used to establish botanical relationships of fossil forms. The Castaneoideae pollen grains were 
in many cases similar to the pollen of the genus Elaeocarpus. Lesser or greater similarities can 
occur also with other taxa, which should be considered in the judgement of the botanical rela-
tionships of the fossil pollen grains of Castaneoideae. Several problems can be only solved by 
electron microscopic methods. 
Introduction 
A c c o r d i n g t o POTONIE'S (1931, 1934) bas ic w o r k s and the m o n o g r a p h by 
THOMSON and PI-LUG (1953) o u r k n o w l e d g e o f fossil pollen grains of C a s t a n e o i d e a e 
ranges f r o m the C r e t a c e o u s per iod to the U p p e r Ter t ia ry . Its m o d e r n n o m e n c l a t u r e 
has been t e rmed by POTONJ£ (I960) . M a n y o t h e r w o r k s con t r ibu ted t o the k n o w l e d g e 
of these po l len grains , e.g. TRAVERSE (1955), AGRANOVSKAIA et al. (1960) a n d KEDVES 
(1963). T ransmis s ion e lect ron mic roscop ic ( T E M ) d a t a or iginate f r o m KEDVES 
a n d P A R D U T Z ( 1 9 7 3 ) a s w e l l a s C R E P E T a n d DAGHLIAN ( 1 9 8 0 ) . 
I t is ind i spensab le to cons ide r a l so d a t a on pe r t a in ing recent f o r m s t o m a k e 
our k n o w l e d g e of fossi l f o r m s accu ra t e . A n u m b e r o f l i terary d a t a a r e ava i lab le 
on t h e recent pol len gra ins o f C a s t a n e o i d e a e . THANIKAIMONI (1972) men t ions 13 
l i terary d a t a on Castanea, 10 on Castanopsis a n d 2 o n Chrysolepis. W A N G e t al . ( 1 9 6 0 ) 
r epor ted d a t a on the l ight mic roscop ic m o r p h o l o g y o f the pol len gra ins of t h e genera 
Castanea, Castanopsis, Lithocarpus a n d Pasania, whi le KUPRIANOVA ( 1 9 6 5 ) on t hose 
of Cyc 1obalanopsis, Trigonobalanus, Castanea, Lithocarpus, Castanopsis and Chryso-
lepis. T h e first d a t a on the s cann ing e lect ron microscopic ( S E M ) m o r p h o l o g y of 
Lithocarpus densifolia a re k n o w n f r o m M A R T I N a n d D R E W ( 1 9 6 9 ) . H U A N G ( 1 9 7 2 ) 
publ i shed d a t a on Castanopsis, Cyclobalanopsis, Lithocarpus and Pasania. In t h e 
course o f his s tud ies on pol lenki t t , HESSE (1978) a l so invest igated t h e T E M ul t ra -
s t ruc tu re of Castanea saliva. W o r t h y o f men t ion a re LIEUX'S ( 1 9 8 0 ) recent S E M 
resul ts a n d PRAGLOWSKI'S (1980) fo l lowing s t a t e m e n t : " C a s t a n e o i d e a e a re r a t h e r 
s t enopa lynous , while two ent i re ly d i f ferent pol len types a re obvious in the F a g o i d e a e 
a n d Q u e r c o i d e a e " . 
T h e fo l lowing p rob l ems s h o u l d be stressed here on the basis of ava i lab le lite-
r a tu r e : 
1. In te rgenera l s imil i tudes can o c c u r a l so within Cas taneoideae , m o r e o v e r , 
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s o m e o f the pollen gra ins c a n n o t be easily dis t inguished f r o m those o f E l a e o c a r p a c e a e 
(Elaeocarpus) by light microscopy . Pa lynologica l s imi l i tude was observed a m o n g 
o t h e r famil ies t o Ara l iaceae (Anomopanax schlechteri), Crassu laceae (Sedum 
tatarinowii), E la t inaceae (Elaline alsinastrum), G r u b b i a c e a e (Grubbia rosmarini-
folia), Leguminosae (Sophora japónica), Loganiaceae , Buddle jov ideae . 
2. In the light of recent d a t a , the fossil t a x o n s — form-spec ies — a r e h e t e r o -
geneous . 
It is these p rob l ems , t ha t cal led fo r complex invest igat ions. T h e s e a r e in process 
n o w . T h i s paper , which f o r m s the first c h a p t e r o f these invest igat ions a p p r o a c h e s 
t h e ques t ion by the l imited possibil i t ies of the l ight microscopic m e t h o d . D e s p i t e 
t h a t , however , these s tudies a r e a l so necessary, because this me thod is c u r r e n t l y 
used fo r t h e rou t ine invest igat ion of fossi l mate r ia l s . O u r knowledge in this field 
will be c o m p l e m e n t e d later with T E M a n d S E M d a t a . 
Mate r i a l s and Me thods 
The material of investigation was made available from the Botanical Collection of the 
Hungarian Natural History Museum by the courtesy of Director JULIA SZUJKÓ, for which 
I express my grateful thanks also here. After the name of the species investigated the number 
of that herbarium sheet is given from which the sample was taken. 
Castanea americana RAF. = C. den mi a BORCKH. 77101, C. evansii ELM.. 77105, C. pumila 
MILL. var. anguslifolia 77132, C. saliva MILL. 77047, Pasania calalhiformis (SKAN.) H. et C. 
286417, P. Iivpoglauca Hu 286499, Caslanopsis argyrophylla KING, 77112. C. indica DC. 7721, 
C. longispicatn Hu 77121, Chrysolepis chrysophylla (A. Dc.) HJELMQVIST 77093. 
For variation analysis at least 200 grains were measured. The longitudinal axis resp. the 
ratio of the longitudinal axis to the meridional one were taken into consideration. 
Results 
G e n u s : Castanea M I L L . 
1. Castanea americana RAF. (P la te I, 1 -6) . 
Ps i la te , t r i co lpora te pol len grains , a m b elliptical. Co lp i bend ing t o w a r d s o n e 
a n o t h e r a t the poles . Colp i s u r r o u n d e d by n a r r o w caverns . E n d o p o r i e l l ipsoid, 
measu r ing 2 | im on the average . Long i tud ina l axis measures 11.25 n m t o 19.55 urn. 
I t s m a x i m u m is p ro t r ac t ed , be tween 14.7 jam a n d 16.65 n m . T h e mer id iona l axis 
varies f r o m 8.85n m , t o 16.15 | im, wi th a m a x i m u m a t 9.8 urn. T h e rat io of t h e longi-
tud ina l axis to the mer id iona l o n e is between 1 and 1.9, m a x i m u m is 1 .5-1.6. 
Ex ine 1 n m thick, s t ruc tu re difficult to recognize, perhaps in t rabacu la te . 
2. Castanea evansii ELM. (Pla te I. 7 -12) . 
T r i c o l p o r a t e pol len gra ins , a m b ell iptical , sur face ps i la te . Colp i bent t o w a r d s 
o n e a n o t h e r a t t h e poles and s u r r o u n d e d by n a r r o w (0 .3-0 .4 urn) caverns . E n d o p o r i 
Plate I 
1—4. Castanea americana Raf. xlOOO. 
5, 6. Castanea americana Raf. x3000 
7—10. Castanea evansii Elm. xlOOO. 
11, 12. Castanea evansii Elm. x3000. 
13—16. Castanea pumila Mill. var. anguslifolia xlOOO. 
17, 18. Castanea pumila Mill. var. anguslifolia x3000. 
19—22. Castanea sativa Mill. xlOOO. 
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circular or mer id iona l el l ipsoid, 1.5 urn in d iamete r on the average . L o n g i t u d i n a l 
axis varies f r o m 18.7 to 23.4 p m , maximal length is 20.66 p m . M e r i d i o n a l axis 
measures 9.8 p m t o 13.7 p m , with a m a x i m u m of 11.2 p m - 1 3 . 2 p m . T h e r a t io o f 
the longi tud ina l axis t o the mer id iona l one is 1.1-2.2, wi th a m a x i m u m be tween 
I .5 a n d 2.0. Exine 1 pm in d i ame te r , infra t ec tum m o r e dist inct than in the case o f t h e 
fo rmer species, finely in t rabacula te . 
3 . Casiartea pumila M I L L . var . angustifolia (P la te I . 1 3 - 1 8 ) . 
Pollen gra ins el l ipsoidal , or a p p r o x isodiametr ic ps i la te , t r i co lpora te . T h e 
caverns s u r r o u n d i n g the colpi a re very na r row, of ten missing. Colp i n o t a lways 
bent t owards o n e a n o t h e r a t the poles. E n d o p o r e s very smal l , pol len g ra ins o f t e n 
p o r o i d a t e a n d no t t r i co lpora te . E n d o p o r e s m e a s u r e 0.5 p m on the average . Long i -
tud ina l axis varies f r o m 14.2 pm t o 20.05 p m . wi th a m a x i m u m at 14.7 p m . M e r i -
d iona l axis varies f r o m 7.15 p m to 16.65 pm, its m a x i m u m is a t 14.7 pm. T h e r a t io 
of longi tudinal axis to the mer id iona l one is between 1.0 and 1.9, the m a x i m u m 
between 1.2 a n d 1.4. Exine a lways be low 1 pm in thickness , the s t ruc tu re is diff icul t 
t o observe u n d e r the light microscope . 
4 . Castanea saliva M I L L . (Pla te I, 1 9 - 2 2 , P la te I I , 1 , 2 ) . 
Psilate, t r i co lpora te pol len gra ins , a m b elliptical. Colp i bend ing t o w a r d s o n e 
a n o t h e r a t the poles. Cave rns s u r r o u n d i n g t h e colpi very n a r r o w , bu t d is t inc t , 
general ly 0.5 p m wide. E n d o p o r e s 1-1 .5 pm in d i ame te r , mos t ly c i rcu lar . L o n g i -
tud ina l axis varies f r om 11.25 p m to 17.15 p m , t h e mer id iona l o n e f r o m 7.0 p m 
t o 14.7 p m . with m a x i m a of 17.7 pm resp. 10.75 pm. R a t i o o f l ong i tud ina l axis 
to the mer id iona l o n e ranges f rom 1 t o 2.1. m a x i m u m at 1.3. Th ickness o f exine 
always below 1 p m , exine s t ra t i f icat ion is no t dis t inct ly observab le , s t r u c t u r e u n -
cer ta in on the basis of light mic roscop ic da t a . 
G e n u s : Pasania ( M I G . ) O E R S T E D = Lilhocarpus B L U M E . 
1. Pasania calalhiformis (SKAN.) H . et C . (P la te II, 3 -10 ) . 
Psilate, t r i co lpora te pollen grains , a m b ell iptical . Co lp i usual ly s u r r o u n d e d by 
0.3 p m wide caverns . Co lp i bent t owards o n e a n o t h e r a t the poles. E n d o p o r e s o f 
var iable size a n d shape , c i rcular or elliptical, 1 -2 .5 p m . Long i tud ina l axis varies 
f r om 11.25 t o 2 0 p m , p ro t r ac t ed m a x i m u m f r o m 15.15 p m t o 19.5 nm. M e r i d i o n a l 
axis ranges f r o m 8.35 p m to 13.2 (am. m a x i m u m is 9.8 p m . R a t i o of l ong i tud ina l 
axis to mer id iona l o n e f r o m 1.2 to 2.2. m a x i m u m 1.8. Exine 1 -1 .2 p m th i ck , finer 
s t ruc tu re is no t visible u n d e r the light microscope . 
3. Pasania hypoglauca H u (Pla te I I , 11-18). 
T r i c o l p o r a t e pol len grains , a m b elliptical, s u r f a c e psi late . Colp i o f t en para l le l , 
but bend ing t o w a r d s o n e a n o t h e r at the poles. C a v e r n s a r o u n d colp i 0 .3 p m wide . 
E n d o p o r e s n a r r o w elliptical, measur ing 0 . 5 X 1 . 5 p m . Long i tud ina l axis var ies f r o m 
I I . 7 p m t o 15.2 p m , m a x i m u m at 14.55 pm. M e r i d i o n a l axis 6 .6 -10 .3 p m , m a x i m u m 
at 8.35 p m . R a t i o of longi tud ina l axis to the mer id iona l o n e varies f r o m 1.3 to 2 .3 . 
Plate 11 
1, 2. Castanea saliva Mill. x3000. 
3—8. Pasania calalhiformis (Skan). H. et C. xlOOO. 
9, 10. Pasania calalhiformis (Skan.) H. ct C. x3000 
11—16. Pasania hypoglauca Hu xlOOO. 
17, 18. Pasania hypoglauca Hu x3000. 
19—24. Castanopsis argyropliylla King xlOOO. 
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m a x i m u m is p ro t r ac t ed , f r o m 1.5 to 1.8. Exine a b o u t 0.8 (im thick, s t ra t i f ica t ion is 
n o t obse rvab le under the light mic roscope . 
G E N U S : Castanopsis ( D . D O N ) S P A C H . 
1. Castanopsis argyrophylla K I N G (Pla te I I , 19-24, P la te I I I , 1 , 2 ) . 
Psi la te , t r i co lpora te pol len grains , a m b elliptical. Co lp i bent t o w a r d s o n e 
a n o t h e r a t the poles. C a v e r n s a r o u n d colpi 0 . 3 - 0 . 4 | im wide. E n d o p o r e s e l l ipt ical , 
measu r ing 1 t o 1 . 5 X 2 t o 2.5 urn. Long i tud ina l axis varies f r o m 14.5 n m to 22.9 n m , 
m a x i m u m at 19.5 urn. Mer id iona l axis ranges f r o m 8.85 n m t o 13.3 | im , wi th a 
m a x i m u m a t 10.75 n m . R a t i o of longi tud ina l axis to t h e mer id iona l o n e is 1 .4 -1 .8 -2 .1 . 
Exine a p p r o x 1 urn thick, finer s t ra t i f ica t ion is n o t visible u n d e r the light m ic roscope . 
2. Castanopsis indica DC. (Pla te I I I , 3 -8 ) . 
Psi late, t r i co lpo ra t e pol len gra ins , a m b ell iptical . Co lp i bent t o w a r d s o n e 
a n o t h e r . C a v e r n s s u r r o u n d i n g colpi vary f rom 0.2 | im t o 0.3 p m in wid th . E n d o p o r i 
c i rcular or elliptical, measu r ing maximal ly 2 - 3 urn . Long i tud ina l axis varies f r o m 
17.1 urn t o 23.4 n m , with t w o m a x i m a , o n e a t 19.5 urn a n d a n o t h e r a t 21.05 urn 
M e r i d i o n a l axis is 8.85 n m t o 13.7 n m , max ima l length 11.25 (im. T h e r a t io of t h e -
longi tud ina l axis to the mer id iona l one ranges f r o m 1.4 t o 2.3, with a m a x i m u m a t 
1.8. Exine a b o u t 1 urn th ick , its finer s t ra t i f ica t ion is n o t visible u n d e r t h e light 
mic roscope . 
3. Castanopsis longispicala H u (Pla te III , 9 -14 ) . 
Psi late, t r i co lpora te po l len grains , a m b elliptical. Co lp i o f t en para l le l , n o t 
a lways b e n t t owards o n e a n o t h e r a t the poles. C a v e r n s s u r r o u n d i n g colpi 0 .4 urn 
wide . E n d o p o r i a p p r o x c i rcular , 2 - 3 | im in d i ame te r . Long i tud ina l axis m e a s u r e s 
17.0 n m t o 23.85 urn, m a x i m u m at 19.5 nm resp. 20.95 | im. M e r i d i o n a l axis var ies 
f r o m 9.8 ^ m t o 17.05 n m , m a x i m u m between 10.75 a n d 12.7 (im. T h e r a t io o f the 
long i tud ina l axis t o the mer id iona l o n e is 1 .1-1 .7-2 .0 . Exine a p p r o x 1 nm th i ck , 
i ts fine s t ra t i f ica t ion is n o t visible under the l ight microscope . 
G e n u s : Chrysolepis HJELMQVIST. 
1. Chrysolepis chrysophylla ( A . D C . ) HJELMQVIST (Pla te I I I , 15-19). 
Psilate, t r i co lpora te pol len grains , a m b c i rcular or elliptical. Colp i o f t en para l le l , 
conve rgen t a t the poles. C a v e r n s s u r r o u n d i n g colpi ve ry n a r r o w , o f t e n miss ing . 
Long i tud ina l axis measures 8.8 nm t o 15.6 | im, wi th a p r o t r a c t e d m a x i m u m f r o m 
13.2 n m t o 14.7 n m . M e r i d i o n a l axis measures 7.9 | im t o 12.2 urn, wi th a p ro j ec t ing 
m a x i m u m at 9.8 n m . R a t i o o f t h e longi tud ina l axis t o the mer id iona l o n e is 1 -1 .3 -1 .8 . 
Exine th in , a p p r o x 0.6 | im th ick , i ts finer s t r u c t u r e c a n n o t be obse rved u n d e r t h e 
l ight microscope . 
Plate III 
1, 2. Caslanopliis argyrophylla King x3000. 
3—6. Castanopsis indica DC. xlOOO. 
7, 8. Castanopsis indica DC. x3000. 
9—12 Castonopsis longispicala Hu xlOOO. 
13, 14. Castanopsis longispicala Hu x3000. 
15—18. Chrysolepis chrysophylla (A. DC.) Hjelmqvist xlOOO. 
19. Chrysolepis chrysophylla (A. DC.) Hjelmqvist x3000. 
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Discussion 
It shou ld be emphas ized a lso he re t ha t the light microscopic invest igat ions will be 
c o m p l e m e n t e d with Т Е М and S E M d a t a in the next f u tu r e . T h e possibi l i t ies a n d 
l imi ta t ions of the single m e t h o d s emerged a lso in connec t ion with the p re sen t in -
vest igat ions. T h e light microscopic me thod h a s the i nd i spu tab l e a d v a n t a g e o f 
a l lowing mass analyses which a re indispensable wi th fossil f o r m s in m a n y respec ts . 
On the o t h e r h a n d , light mic roscop ic s tudies leave several ques t i ons o p e n . E .g . 
1. T h e fine o r n a m e n t a t i o n o f t ec tum, which m a y p e r h a p s be of d i f fe ren t ia l va lue 
in respect of the pol len g ra ins of s imilar m o r p h o l o g y of E l aeoca rpaceae a n d t h o s e 
of f u r t h e r t axons , c a n n o t be resolved. T h u s , pract ical ly, all pol len gra ins e x a m i n e d 
qua l i fy a s psi late . 
2. T h e light microscopic m e t h o d c a n n o t be used t o invest igate the s t ra t i f i ca t ion o f 
exine, the m o r p h o l o g y of the channe l s of t e c t u m , i n f r a t e c t u m . the p resence a n d 
submic roscop ic m o r p h o l o g y of endexine . In t h e case of fossi l pol len g r a i n s o f 
C a s t a n e o i d e a e KEDVES and PÁRDUTZ (1973) revealed the g r anu l a r u l t r a s t r u c t u r e 
o f endexine . 
T h e results repor ted here can be usefu l in d i f ferent ia t ing s o m e types o n the bas i s 
of measu remen t s , f o r m a n d the s t ruc tu re of e n d o p o r i as well as the eva lua t ion o f 
fossil d a t a . T a k i n g in to cons idera t ion HUANG'S d a t a (1972) two types were d i f f e r en -
t ia ted within E l a e o c a r p a c e a e : I. Elaeocarpus arthropus (E. caroliensis, E. decipiens), 
2 . E. japonicus and Elaeocarpus joga Merr i l ( L E O P O L D , 1 9 6 9 ) , which is r emin i scen t 
o f t h e pol len gra ins o f Cas t aneo ideae , a n d which should be cons ide red in t h e j u d g e -
ment of fossi l f o r m s . In possession o f o u r da ta t h e fol lowing types were e s t a b l i s h e d : 
1. Castanea americana type (C. evansii, Pasania calathiformis, Castanopsis 
argyrophylla, C. indica, С. longispicata). It resembles Elaeocarpus japonicus. Its 
fossil equiva len t is Cupul i fe ro ipo l len i tes pusil lus (R . Рот . 1934) R . Рот . 1960. 
2. Castanea pumita angustifolia type. H e r e t h e p o r o i d a t e c h a r a c t e r h a s d i f -
fe ren t ia t ing value. 
3 . Castanea saliva type. Its fossil equiva len t is Cupul i fe ro ipo l l en i t e s o v i f o r m i s 
(R . POT. 1931) R. Рот . 1960. 
4. Chrysolepis chrysophyUa type. It d i f ferent ia tes f r o m the f o r m e r by its sma l l e r 
m e a s u r e m e n t s a n d near ly g lobu la r fo rms . Its fossi l equiva len t is the smal le r spec imen 
of C . oviformis. O n the o t h e r h a n d , th is resembles best Elaeocarpus arthropus t y p e 
pol len gra ins . 
F inal ly a t t en t ion s h o u l d be cal led here a lso to similari t ies a m o n g f u r t h e r t a x a 
men t ioned in t h e i n t roduc t i on . F o r their accura te eva lua t ion , h o w e v e r . E M , pr inc i -
pally S E M m e t h o d s a r e necessary. 
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Abs t rac t 
Pollen grains of different maturity as well as acetolyzed and non-acetolyzed ones of 
Elaeagnus angustifolia L. were investigated under light, transmission resp. scanning electron 
microscope. During the investigation of the diameters of pollen grains the Cushing effect was 
also taken into consideration. Qualitative results revealed tetraexitus and plicate forms, too. 
This and the brevicolporate character with vestibulum are the most reminiscent of the ancien 
Normapolles, the Complexiopollis W. KR. 1959 em. TSCHUDY 1973. Further identities are the 
lamellar foot layer in the germinal region and the rugulate-corrugate surface. 
Introduct ion 
T h e r e is a b u n d a n t l i tera ture on the pol len grains of the genus Elaeagnus. 
These were reviewed by THANIKAIMONI (1972). Earl ier r epor t s (AMBRUSTER and 
JACOBS, 1934; ERDTMAN, 1954, 1966, WANG FU-HSIUNG, CHIEN NAN-FEN, YANG 
HUI-QU and ZHANG YU-LONG, 1960; ERDTMAN, BERGLUND a n d PRAGLOWSKI, 1961; 
GUINET, 1962; HUANG, 1972; KUPRIANOVA a n d ALYOSHINA, 1972; M c ANDREWS, 
BERTI and NORRIS, 1973) have s h o w n tha t the pol len grains of t h e Elaeagnus possess 
such anc ien t p roper t i es , wh ich su rpas s the pr imi t ive charac te r of t h e recent pol len 
gra ins o f Amen t i f l o rae . Fossi l d a t a (e.g. KRUTZSCH, 1962; GRAY, 1964; GRUAS-
CAVAGNETTO; 1978) a r e a l so s u p p o r t i v e of the significance of the pol len gra ins o f 
E laeagnaceae . 
Pol len g ra ins of Boehlensipollis W . KR. 1962 a n d the f o r m - g e n u s Slowakipollis 
W. KR. were re la ted t o E laeagnaceae by several au tho r s . (POKROVSKAYA a n d 
STELMAK, 1960; TIMOSINA 1965; POLUMISKOVA et al . 1966; BOITSOVA and POKROV-
SKAYA 1966; BLYAKHOVA, 1971; HOCHULI, 1978; CHATEAUNEUF, 1980; OLLIVIERRE-
PIERRE, 1980). F u r t h e r fossil fo rm-genuses a r e : Elaeagnaciles KE et SHI 1978 (in 
SUNG TZE CHEN et TSAO LIU), Elaeagnuspolleniies HUANG 1980. C o n c e r n i n g recent 
taxons o f the f ami ly on ly LEINS' (1967) T E M d a t a a re k n o w n . Deta i led l i terature , 
par t icular ly on the T E M s t ruc tu re of the germina l ape r tu re is no t ava i lab le yet. 
In view o f the phylogene t ica l value of pollen grains , it was t h o u g h t just if ied t o inves-
t igate them t h o r o u g h l y . T h e s tudies on the pol len gra ins of E laeagnus angust i fo l ia L. 
were p e r f o r m e d t o 
1. invest igate quant i ta t ive ly and qual i ta t ively the pollen gra ins a t t w o different 
levels of on togenes i s , 
2 . invest igate the C u s h i n g effect on pol len grain p repa ra t i ons by va r ious m e t h o d s , 
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3. es tabl ish the general u l t r as t ruc tu ra l a n d u l t rascu lp tura l proper t ies , 
4. eva lua t e T E M a n d S E M fea tures in the func t ion o f the m a t u r i t y o f pol len 
grains a n d the m e t h o d s app l ied . 
Mate r i a l s and .Methods 
The material investigated was collected by Z. SZABÓ in the Botanical Garden of Attila 
József University, Szeged during spring, 1979. Pollen sacs of mature resp. closed buds were 
removed and used in acetolyzed resp. non-acctolyzed condition for light, transmission and 
scanning electron microscopic investigations. For light microscopy 39.6% hydrated glycerin-
jelly was used according to LOBREAU (1966). To investigate ihe variation of diameter, 200-250 
pollen grains at both stages of maturity and prepared by each of the above methods were measured. 
For the investigation of Cushing effect, the measurements performed immediately after the pre-
parations were repeated in December. 1979. For TEM studies, the material was fixed with 
OsO, (distilled water) and embedded into araldite. Ultrathin sections were cut with a glass 
knife. JEOL-IOOB electron microscope was used for examination and for taking micrographs. 
Its resolving power was 2A. For SEM studies, the pollen grains were mounted on polyvinil-
chloride adhesive-coated grids and evaporated with gold-palladium alloy. The fine sculpture 
was studied with the JEM-ASID scanning adapter of the aforementioned apparatus. 
Results 
1. L i g h t m i c r o s c o p i c r e s u l t s 
T h e sur face , c o n t o u r a n d the n a t u r e o f t h e germinal a p e r t u r e o f t h e po l len 
grain was no t c h a n g e d by the m e t h o d used f o r the p r e p a r a t i o n of the ma te r i a l . 
T h e equa to r i a l c o n t o u r was t r iangular , with c o n v e x sides, the ge rmina l region p ro -
minent . Sur face finely rugu la te -cor ruga te . C o l p u s n a r r o w , 18-20 p m long (P l a t e I, 
1, 2), ves t ibulum m a r k e d , e n d o a p e r t u r e po re (P la te II, 1 -7) . Plicae, bu t pr inc ipal ly 
pscudopl icac . a s well a s te t raexi tus f o r m s occasional ly occur red (Pla te I, 3 - 8 ) . In Ihe 
case of te t raexi tus f o r m s t h e c o n t o u r was general ly convex. 
On the basis of the variation of measurements the following table was composed: 
Mature flower, non-acetolyzed 
Bud. non-acetolyzed 
Mature flower, acetolyzed 
Bud. acetolyzed 
(I = lower. u = upper. m=maximum; the greatest and the smallest pollen grain, and the measure-
ments occurring in maximal amount, in yim). 
1 u m 1 u m 
30.0-60.4 44.1 39.0-60.4 44.0 
35.2-50.0 44.0 38.5-50.0 44.0 
34.7-56.4 49.0 38.0-62.0 49.0 
30.2-52.4 49.0 40.1-55.4 49.0 
measurements in 
October December 
F r o m the d a t a the fo l lowing conclus ions were d r o w n : 
I. T h e m e a s u r e m e n t s o f pol len gra ins p repa red by the s ame m e t h o d were 
a p p r o x identical in the s a m e t ime po in t , meaning tha t the pol len gra ins of the c losed 
bud and those of the open flower d o no t differ f r o m each o t h e r in this r ega rd . 
Plate I. Light microscopic picture of the pollen grains of Elaeagnus angustifolia L. xlOOO. 
1, 2 typical specimen. 
3-6. plicate forms. 
7, 8 tetraexitus form. 

Plate II . Finer light microscopic structure of the germinal aperture of pollen of Elaeagnus 
anguslifolia L. in optical section resp. top-view. x5000. 
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Plate III. Transmission electron microscopic structure .of the pollen grain f rom Etaeagnus 
anguslifolia L. 
1. Ultrastructure of pollen grain f rom non-acetolyzed bud. Germinal region. x25 000. 
2. Ultrastructure of pollen grain f rom acetolyzed flower. Germinal region. xlO 000. 
3. Ultrastructure of the foot layer of pollen grain f rom acetolyzed bud. Germinal region. x25000. 
T = tectum, I = infratectum, F = f o o t layer, Fa = compact foot layer, F c = f o o t layer with lamellar 
ultrastructure, ch=channe l s , V = vestibulum. 
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2. Ace to lyza t ion general ly caused a n a p p r o x 11.36% increase o f m e a s u r e m e n t s 
in the m a j o r i t y o f pol len grains . 
3. D u r i n g m e a s u r e m e n t s in O c t o b e r and D e c e m b e r , t h e pollen g ra ins were 
maximal ly equal in size, t h o u g h the under and upper values o f m e a s u r e m e n t f o r 
pollen gra ins increased s o m e w h a t . 
2. T r a n s m i s s i o n e l e c t r o n m i c r o s c o p i c ( T E M ) r e s u l t s 
Since the u l t r as t ruc tu ra l f ea tu res o f pol len g ra ins f r o m b u d s resp. o p e n flowers 
p repa red with ace to lyza t ion resp. w i thou t it we re ident ical , they will be d iscussed 
here toge ther . Ex t rage rmina l exine. — Tec ta te , pe r fo ra t ed wi th channe l s . Of the 
layers of ectexine, i n f r a t ec tum is the mos t n a r r o w one. It is m a d e u p of n a r r o w 
co lumns . T h e t ec tum and tha t pa r t of the f o o t layer which is near the i n f r a t e c t u m 
a r e uneven . Of the layers o f the ectexine the f o o t layer is t h e thickest , there is n o 
endexine . 
G e r m i n a l exine. — T e c t u m slightly pe r fo ra t ed in the germina l reg ion , as in t h e 
ex t ragermina l pa r t (P la te I I I , 1). Ves t ibulum marked (Pla te I I I , 1, 2), b e f o r e t h e 
e n d o a p e r t u r e the f o o t layer is b roken up , resp. becomes lamel la r (Fc) . In t h e vesti-
b u l u m , t h e i n f r a t e c t u m is no t co lumel la r , it is e l l ipsoid, g lobu la r o r i r regular in s h a p e . 
The re a r e t iny g ranu les under the exoape r tu re (colpus) on the pollen g ra ins f r o m 
non-aceto lyzed buds (Pla te I I I , 1). In the germina l region, the lamel lar u l t r a s t r u c t u r e 
of the inner pa r t of the foo t layer is not iceable (Pla te I I I . 2 . 3). I ts endex ine c a n n o t 
be observed in the germina l region. 
3. S c a n n i n g e l e c t r o n m i c r o s c o p i c ( S E M ) r e s u l t s 
Degree of m a t u r i t y invest igated and acetolysis did no t a f fec t essent ia l ly the 
superficial u l t r a s t ruc tu re of pol len grains . The re w a s only o n e d i f ference t h a t o n t h e 
surfaces of non-ace to lyzed pol len gra ins , spher ica l , mos t p r o b a b l y po l lenk i t t g r anu le s 
occur red (Pla te IV. 1, 2, 4), which were par t i cu la r ly f r e q u e n t on the pol len g ra ins 
f rom closed buds . It is seen tha t t h e colpi a r e undu la t ed a t the marg ins , the a b o u t 
5 p m wide z o n e nea r t h e m is slightly scu lp tu red . O r n a m e n t a t i o n fine, measu r ing 
general ly 1 - 3 p m . I t s c h a r a c t e r is rugula te , occas iona l ly c o r r u g a t e . 
Discussion 
1. C o m p l e x invest igat ion did no t reveal n o t e w o r t h y d i f ferences be tween pol len 
grains f rom closed buds and open flowers o f Elaeagnus anguslifolia L. 
2. O n l y smal l t ime-dependen t changes cou ld be observed in pol len g ra ins e m -
bedded in to 39.6% h y d r a t e d glycerin-jelly. O n t h e o t h e r h a n d , acetolysis c o n s i d e r a b l y 
changed the m e a s u r e m e n t s o f pol len grains. 
3. Of the qua l i t a t ive results o f light mic roscop ic s tudies , the occas iona l occur -
rence o f plicae, resp. pseudopl icae f o r m s shou ld be s tressed. (The la t ter concep t ion 
is used w h e n t w o plicae occur on one su r face a n d a third o n t h e o t h e r one . ) T h i s is 
Plate IV. Scanning electron microscopic (SEM) picture of pollen grains of Elaeagnus angusli-
folia L. 
1. Non-acetolyzed pollen from flower. x2000. 
2. Non-acetolyzed pollen from bud. xlOOO. 
3. Acetolyzed pollen from flower. xlOOO. 
4. Non-acetolyzed pollen from bud. x2000. 

8 2 M. KEDVES AND Ä. PÂRDUTZ 
character is t ic of o n e of the g r o u p s o f N o r m a p o l l e s . A f o r m - g e n u s va lue h a s a l so 
been ascr ibed to this cha rac te r . It should be emphas ized tha t with fossi l f o r m s this 
ques t ion shou ld be a lso cons idered with cr i t ic ism, and tha t besides t h e t e t r aex i tus 
f o r m s , pl icate specimens can a l so occur beside the " n o r m a l " ones . PlicapoUis 
pseudoexcelsus is a g o o d e x a m p l e fo r the oppos i t e case. In a cons ide rab le p r o p o r t i o n 
of its specimens pl icae d o n o t or only se ldom occur . 
4. Each o f the c o m p l e x m e t h o d s , bu t pr incipal ly the T E M o n e sugges t s t h a t t h e 
pol len gra ins of Elaeagnus anguslifolia L. m a y be regarded the m o r p h o l o g i c a l 
ana logues of Complexiopollis W . K R . 1 9 5 9 e m . T S C H U D Y 1 9 7 3 , w i t h o u t s u p p o s i n g 
direct bo tan ica l re la t ionsh ip be tween the two . 
Recent resul ts gave g r o u n d s fo r the revision of the sys temat ics of fossi l po l len 
gra ins of Brevaxones (KEDVES, 1981). At p resen t it is the fo l lowing : 
1. P r o b r e v a x o n e s 
2. N o r m a p o l l e s 
2.1. P r o n o r m a p o l l e s 
2.2. E u n o r m a p o l l e s 
2.3. P a r a n o r m a p o l l e s 
3 . P o s t n o r m a p o l l e s . 
Recent analogies for P r o b r e v a x o n e s t a x o n s are n o t k n o w n . T h e r e is on ly a n 
a n a l o g u e recent type fo r the classic f o r m - g e n u s of t h e anc ien t N o r m a p o l l e s ( P r o -
normapol les ) . I t is in teres t ing tha t the light microscopic s t ruc tu re , b u t ma in ly t h e 
e lect ron microscopic o n e of this g r o u p differs basically f r o m E u n o r m a p o l l e s , A m e n t i -
florae taxons , implying t h a t there is a fairly s h a r p dif ference be tween t h e t w o s tages 
of deve lopment . T h e es tabl ish ing o f t rans i t iona l , connec t ing types is t h e t a sk o f 
f u r t h e r invest igat ions. 
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Abstract 
We have studied changes in the pigment content induced by 30 to 15 and 15 to 7.5 min. 
light-dark cycles (LDC) on 5-week maize and 6-week tomato plants, raised in a phytotron. 
In the short LDCs, primarily the pigments of the Chi a/b protein complex are damaged: 
— The quantity of chlorophylls decreases, particularly the decomposition of Chl-b is consider-
able, thus the Chi a/b ratio increases. 
— From among carotenoids, the decrease in neoxanthin and lutein mostly indicates the destruc-
tive effect of short rhythms. Antheraxanthin (lutein-epoxide perhaps) accumulates in the 
short rhythms. 
Apart from the general tendencies of the change in pigments the following facts are obvious: 
— The different sensitivity of the maize Pioneer lines 523 and 165, resp. of the two tomato species 
to the LDC. 
— The much higher ratio of the decrease in violaxanthin in corn line 523, in the first two minutes 
of lighting, as compared with the dark control. 
We suppose that the destructive effect of the short rhythm originates from the proton-
efflux, induced by the frequent darkness, damaging primarily the plants, in which the proto-
gradient, necessary for forming ATP, under the conditions of the given light intensity, quickly 
develops. 
Introduction 
F o r the d e v e l o p m e n t o f m o r e t h a n o n e p l an t , the shor t l ight-dark cycles (a l ter-
na t ing be tween 1 - 3 0 min . ) a r e u n f a v o u r a b l e . It was first observed by GARNER and 
ALLARD (1931) t ha t in the m i n u t e r h y t h m s p l an t s became e t io la ted , leaves paler , 
resp. yel lowish or greyish green. T h e t issues of the leaf necrotized with t h e occurance 
of so-cal led necro t ic spo t s . In these cycles, m o r e than one p lan t fully per i shed . 
GARNER and ALLARD have n o t measu red the change o f ch lo rophy l l s b u t , even 
thus , they es tabl i shed cor rec t ly : " D e s t r u c t i o n of ch lorophyl l seems to be an i m p o r t a n t 
fea ture in t h e un favou rab l e effect o f these par t i cu la r a l te rnat ion of light and da rk -
ness" . 
Later on , t h e ch lo rophyl l des t ruc t ion , t ak ing place as a result of the u n f a v o u r a b l e 
L D C , was a l so observed by a n u m b e r o f a u t h o r s : WITHROW and WITHROW (1949), 
H I G K I N a n d HANSON ( 1 9 5 4 ) , B O N D E ( 1 9 5 5 ) , HILLMANN ( 1 9 5 6 ) , BONDE ( 1 9 5 5 ) s t a t e d , 
for ins tance, t h a t in the light green leaves of the Xanthium, developed in 5 t o 15 min . 
rhy thms , ch lo rophy l l is on ly a qua r t e r of the 12-hour cont ro l . 
In these invest igat ions, the single ch lorophyl l s were not s epa ra t ed a n d ca ro t eno ids 
were no t m e a s u r e d . 
It is k n o w n f rom the l i tera ture and our invest igat ions tha t , with the fine analysis 
of p igments , several i n fo rma t ions m a y be ob ta ined a b o u t the c h l o r o p l a s t : 
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— T h e ch lorophyl l a / b ra t ion is — acco rd ing to REYSS and BOURDU (1976), NIR a n d 
PEACE (1973), MARÓTI (1976a) and o the rs — in connec t ion wi th the d e g r e e o f 
thy lako id aggrega t ion . T h e ch lo rophy l l a / b a n d c a r o t e n e (ch lo rophy l l -b ra t ios 
show, in add i t ion — a c c o r d i n g t o BOARDMAN a n d ANDERSON (1964), GROSS et at. 
(1966), BRIANTAIS (1968), MARÓTI (1976b), TUBA (1981) and o t h e r s — t h e relat ive 
q u a n t i t y of pho to sys t ems I and II , resp. of the l ight-harvest ing c h l o r o p h y l l 
a / b -p ro t e in complex ( L H C ) . 
— T h e v io laxan th in cycle m a y give in fo rma t ion o n the p H s ta te of the s t r o m a a n d 
g r a n a loculus — HAGER (1969). 
— A c c o r d i n g to SIEI ERMAN a n d YAMAMOTO (1975): " T h e x a n t h o p h y l l cycle migh t be 
pa r t o f a r egu la to ry sys tem for pho tosyn thes i s tha t func t ions by in f luenc ing 
m e m b r a n e p rope r t i e s . " 
In o u r p a p e r we are showing the changes in p igment , induced a s a resul t o f 
L D C . O n the basis o f results , we a t t e m p t to s h o w the des t ruct ive effect o f the un-
f a v o u r a b l e L D C rhy thms . 
Ma te r i a l s and Me thods 
For the experiments we used three corns — Zea mays L.: 165 and 523 Pioneer* inbred 
corn lines, resp. 3901 hybrids — and two tomatoes — Lycopersicon esculeutum MILL.: cv. 
•"Kecskeméti merevszárú" (Km) and cv. "Kecskeméti 3" (K3). 
Plants were raised, as described before — (MARÓTI and PATAKY 1981) — in a phytotron, 
at 32 W/m" light intensity and 20± 1 °C temperature. 
The identical daily time of illumination (16hrs) was divided into light-dark cycles (LDC) 
of 16-8 hours; 30-15 and 15-7.5 minutes. The rhythms of 30-15 and 15-7.5 minutes were 
called of short LDC, those of 16-8 hours LDC of long daytime (control). 
For determining the pigment content of the leaf of maize, we used in experiment I the second 
and third leaves of the 4-week plants and in experiment II the fourth leaf of a 5-week maize. 
The tomatoes were during the experiment 6-week old, the pigments were extracted from the 
third leaf. 
For measuring the pigment content, the leaves were collected immediately before the ex-
periment at 7 in the morning, before switching on the light of the control rhythm. Each ex 
periment was repeated four times. 
For studying the violaxanthin cycle, we collected the control 3rd and 4th LDC leaves of 
the 5-week old maize (the dark was followed by an hour's illumination). With the leaves colleted 
in the dark resp. in the light, the experiment was repeated five limes. No difference was found 
between the leaves collected in dark and light in the violaxanthin quantity. 
The disks taken from both sides of the main vessels of leaves (6-8 mm diameter) were 
divided into four homogeneous groups (about 1 g). One of them was a "dark" control, the 
others were illuminated with a strong light 900 W m - ! for 2, 4 and 12 minutes. 
The pieces of leaves were rubbed (in a weak light) in a cold friction mortar, in the presence 
of a little CaCOj and sand. Pigments were extracted with acetone and petroleum ether — as 
published before (MARÓTI and GABNAI, 1972). Chlorophylls and carotenoids were separated 
with thin-layer chromatography, then measured in acetone and ethanol. respectively. The 
extinction coefficients, published by HAGER and MEYER-BERTENRATH (1966) were used for 
determination pigment quantities. 
* We got the kernels of corn from Dr. J. NÉMETH (Cereal Research Institute, Szeged). 
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Results 
1. T h e e f f e c t o f 30-15 a n d 15-7.5 m i n . L D C o n t h e p i g m e n t c o n t e n t 
o f c o r n - a n d t o m a t o - l e a v e s 
T h e format ion of the pigment con ten t is determined by the general light and 
da rk reactions, and the s t ructure of green pigments d u e to the kind of plant and the 
s t ructure of chloroplast . O n the basis of the change in the pigment quant i ty , corn 
line 523, then hybrid 3901 were the most sensitive, and corn line 165 the mos t resistant 
to the shor t light t rea tments (Table 1). Both tomatoes responded to 30-15 and 
15-7.5 L D C with a different degree of sensitivity. A t K m , the degree of the decrease 
in p igmen t is par t icular (Table 2). 
In the effect of the shor t L D C , there a re certain general tendencies, as well, 
which are only modified in a small degree by the different degrees of stabili ty provided 
by the peculiarities of the " k i n d " . These a re the fol lowing: 
— As a result of the shor t L D C , the quant i ty of chlorophylls decreases, part i -
cularly the decomposi t ion of chlorophyl l -b is considerable, thus the ra t io 
of chlorophyl l a / b increases (Table 1, 2). 
— From a m o n g caro teno ides : the destructive effect of the short rhythms is most 
strikingly indicated by the decrease in neoxanthin and lutein. 
— Anteraxanth in accumulates in shor t rhythms, its de-epoxidation, resp. epoxi-
da t ion is inhibited. 
— Corn , leaves 2 and 3 (Table 1, exper iment I) a re a little more sensitive to the 
shor t L D C than leaf 4 (experiment II). 
— The characterist ic of the " k i n d " manifested itself the most in the 30-15 min. 
L D C , because the 15-7.5 min. L D C seems to be unambiguous ly h a r m f u l 
(Table 1). 
T h e general tendencies of the change in p igment being given, the different 
sensitivity"of corn lines 523 and 165, resp. of the two tomato kinds, and their dif-
ferent responses to the shor t L D C are obvious (Cf. Table 2). 
This difference manifests itself in the fol lowing: 
— T h e chlorophyll conten t of corn line 523 in the 15-7.5 min. L D C conside-
rably decreases, and that of line 165 hardly changes. 
— T h e xanthophyl l cycle of corn line 165 in the 15-7.5 min. L D C is s t rongly 
inhibited. 
— The 30-15 min. L D C st imulates the deve lopment of corn leaf ( shoot ) 523 and 
inhibits that of 165. Thus , the decrease of chlorophylls in 523 originates par t ly 
f r o m the growth of the leaf, and the slight increase in chlorophyll of 165 derives 
f r o m the inhibited development of the leaf (in 1 g leaf there are m o r e cells, 
more chloroplast) , (MAROTI and PATAKY, 1981). 
— In K m tomatoes , chlorophyll-a , chlorophyll-b, lutein and violaxanthin de-
compose more considerably than in Kind K 3 (Table 2). It is remarkable tha t 
the considerable differences in the chlorophyll-a , chlorophyll-b, lutein and 
neoxanthin quati t ies (16-8 min. L D C ) of the two tomatoes entirely d isappear 
as a result of 15-7.5 min. L D C (Table 2). 
2. T h e m a n i f e s t a t i o n o f t h e " k i n d p e c u l a r i t i e s 
in t h e v i o l a x a n t h i n c y c l e 
T h e different sensitivity of corn lines 523 and 165 to L D C , as well as the con-
siderable difference in p igment destruct ions suggested some difference in the kinetics 
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of deepox ida l i on , resp. epox ida t ion in leaves raised in the co n t ro l 16-8 hrs L D C , 
a s well . 
Acco rd ing to the facts , descr ibed in the methodica l p a r t , the t r a n s f o r m a t i o n o f 
v io l axan th in . induced by a s t rong light (9()0 W / m 2 ) , was m e a s u r e d in t h e leaves, 
col lected f r o m 16-8 hrs L D C (Fig. 1). This exper imen t wi th the third and f o u r t h 
leaves was repea ted five t imes, and the result w a s in every case tha t t h e percen t i l e 
decrease o f v io laxan th in , a s c o m p a r e d with the d a rk c o n t r o l , was init ial ly m u c h 
h igher in c o r n line 523 t h a n tha t of line 165. A f t e r being i l lumina ted for 12 m i n u t e s , 
the percent i le t r ans fo rma t ion of v io laxanthin was app rox ima te ly identical in t h e t w o 
lines (55 -57 p . c . ) ( F i g . I) . 
Af t e r the i l lumina t ions fo r 4, resp. 12 minu te s , in leaf-disks, held in t h e d a r k 
f o r 30 minutes , the epox ida t ion was faster in m a i z e 165 (Fig. 2). 
Table 1. The effect of the dark-light periods on the pigment content of the corn-leaf. In experi-
ment I, the 2nd and 3rd leaves of 4-week plants were used for the pigment analysis. 
In experiment II. the 4th leaf of the 5-week plants was used. At identical daily illumi-
nation, in the ligh-dark cycles (LDC), light intensity was 32 Wm"' . One pigment datum 
is the mean of four measurements. Chl-a=chlorophyll-a; Chl-b = chlorophyll-b; 
Car = /?-carotene; Lut = lutein+ zeaxanthin; Ant = antheraxanthin +lutein-epoxide; 
Viol = Violaxanthin; Neo = Neoxanthin. 
Corn Light-treatment 
mg pigment/100 g fresh weight 
lines 
Chl-a Chl-b a/b Car Lut Ant Viol Neo 
Experiment I 
16-8 hrs LDC 176 44.2 3.9 13.2 17.4 1.2 8.7 5.1 
P 165 30-15 min. LDC 132 31.9 4.1 9.1 14.7 1.8 7.6 3.7 
15-7.5 min. LDC 151 35.9 4.2 9.5 14.6 1.6 8.6 4.1 
16 8 hrs LDC 138 33.5 4.1 9.8 11.6 0.8 7.1 3.5 
P 523 30-15 min. LDC 92 20.6 4.4 6.7 10.2 1.7 4.4 2.7 
15-7.5 min. LDC 90 19.5 4.6 6.0 9.6 1.8 4.3 2.7 
16-8 hrs LDC 134 33.6 3.9 11.3 13.3 0.9 7.2 3.4 
P 3901 30-15 min. LDC 100 21.8 4.5 7.6 10.8 2.0 4.9 2.7 
15-7.5 min. LDC 115 21.2 5.4 8.1 12.0 1.8 5.4 2.4 
Experiment II 
16-8 hrs LDC 133 30.3 4.3 10.9 13.8 1.6 7.9 4.5 
P 165 30-15 min. LDC 142 33.0 4.3 11.0 17.3 2.5 8.2 3.9 
15-7.5 min. LDC 140 32.6 4.3 11.4 15.2 2.2 8.5 4.0 
16-8 hrs LDC 122 29.0 4.2 8.8 11.2 0.9 5.8 3.5 
P 523 30-15 min. LDC 103 22.1 4.6 7.9 11.0 1.8 5.4 2.7 
15-7.5 min. LDC 80 17.3 4.6 5.5 9.7 1.7 5.2 2.6 
16-8 hrs LDC 115 25.0 4.6 8.9 12.6 1.0 4.9 3.3 
P 3901 30-15 min. LDC 130 28.7 4.5 9.2 14.0 1.6 7.3 3.4 
15-7.5 min. LDC 107 22.8 4.7 8.7 12.2 1.8 6.2 2.5 
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Table 2. The effect of the 30-15 and 15-7.5 min. LDC on the pigment content of the 3rd leaf 
of 6-week tomatoes. The experimental conditions, abbreviations are to be found in 
Table I. 
Toma- Light-treatment 
mg pigment/100 g fresh weight 
toes Chl-a Chl-b a/b Car Lut Ant Viol Neo 
16 8 hrs LDC 90 28.6 3.1 6.8 9.8 1.0 3.9 3.0 
K3 30-15 min. LDC 60 17.2 3.5 5.1 7.5 1.5 3.3 2.7 
15-7.5 min. LDC 58 14.8 3.9 4.4 6.7 1.3 3.6 1.7 
16-8 hrs LDC 109 34.9 3.1 7.7 12.0 1.0 3.8 3.9 
Km 30-15 min. LDC 73 21.1 3.4 6.2 8.7 1.3 3.0 2.5 
15-7.5 min LDC 53 13.8 3.8 6.0 6.9 1.8 2.7 1.7 
Discussion of results 
1. I s t h e r e a p i g m e n t d e s t r u c t i o n o r a r e f o r m e d e t i o l a t e d l e a v e s 
in L D C o f 3 0 - 1 5 a n d 15-7.5 m i n u t e s ? 
It was d e m o n s t r a t e d by m o r e than one research w o r k e r tha t in case o f an a l ter -
na t ing l ight -dark cycle, w h e r e 1 msec flashlight was fo l lowed by 15 min . da rkness 
(Strasser a n d S i ronva l 1972, S t rasser a n d But le r 1976) — or a light of 2 minu te s by 
98 m i n u t e s d a r k n e s s (AKOYUNOGLOU, 1 9 7 7 ; AKOYUNOGLOU a n d ^RGYROUDI; AKO-
YUNOGLOU, 1978) — the leaves remain e t io la ted . 
In these leaves, ch lo rop las t is u n a b l e t o deve lop oxygen and does no t con ta in 
g r a n a . In the so-called p r i m a r y thy lako id , the synthesis of p igments , l ipids a n d 
pro te ins , as well as their in tegra t ion into func t iona l un i t s a r e inhibi ted . T h e pos-
sibility is raised tha t in the s h o r t r h y t h m s , descr ibed here, leaves a r e e t io la ted, resp. 
some s imilar inh ib i t ions of synthesis t ake place. 
D e s p i t e t h e pale green co lour of leaves, we d o no t sha re this op in ion . Acco rd in g 
to o u r suppos i t i on , the decrease o f the p igment con ten t pr imari ly or ig ina tes no t 
f r o m the inhibi t ion of synthesis bu t f r o m the des t ruct ive effect of the 3 0 - 1 5 a n d 
15-7.5 min . L D C . Th i s is s h o w n by the fo l lowing : 
— T h e light q u a n t i t y in the 3 0 - 1 5 and 15-7.5 min . L D C co r r e sponds t o the con -
s iderable i l lumina t ion o f daily 16 hrs . T h e p lan t s (beans, t oma toes ) flower and 
m a y r ipen f ru i t , in sp i te of their pale green co lour . 
— T h e ch lo rophy l l a / b ra t io is n o t high. 
— W e (MAR6TF and MARACZI, an unpubl i shed d a t u m ) have observed tha t p igments 
a lso d e c o m p o s e if t o m a t o e s hav ing raised u n d e r na tu ra l condi t ions get a shor t 
L D C t r e a t m e n t . 
2. I n t h e s h o r t r h y t h m s , t h e p i g m e n t s o f t h e c h l o r o p h y l l a / b 
p r o t e i n c o m p l e x I I a r e d a m a g e d 
W e (MAR6TI a n d GABOR, 1 9 7 6 ; MAR6TI, 1976) d e m o n s t r a t e d t h a t t h e L u t , 
N e o and ch lo rophy l l -b con ten t of t h e spongy p a r e n c h y m a chloroplas ts , con ta in ing 
several g r ana , is more t h a n tha t of the pa l i sade ch lo rop las t s , rich in s t r o m a lamellae. 
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O n the basis of l i terary d a t a , we c o n n e c t e d the high L u t , N e o a n d C h l o r o p h y l l - b 
c o n t e n t with the increased activi ty of p h o t o s y s t e m I I . 
F r o m the pho tochemica l ly ac t ive pho tosys t em II, t h e l ight -harves t ing C h l o r o -
phyl l a /b -p ro te in c o m p l e x ( L H C ) may be sepa ra t ed (THORNBER. 1975). T h e p i g m e n t 
compos i t i on of this c o m p l e x is k n o w n f r o m the work o f S i e f e r m a n n - H a r m s (1980) 
(Tab le 3). 
Table 3. Pigment conlenl of light-harvesting chlorophyll a/b-protein 
Species 
Pigment/100 Chl-a 
Chl-b Car Lut Viol Neo 
Phaesolus vulgaris 62.5 0.6 30.7 1 
2.0 10.0 
Spinacia oleracea 77.0 1.3 31.0 8.9 13.1 
It is to be seen f r o m the T a b l e tha t in L H C the lutein, neoxan th in and C h l - b 
c o n t e n t s a r e high and c a r o t e n e is in t races . It is k n o w n (SIEFERMANN-HARMS, 1980) 
as well , t ha t in ph tosys tems I a n d II, 13, resp. 12.3 ca ro tenes fall t o 100 Chl-a mole -
cules. W e s u p p o s e t ha t the q u a n t i t y o f the p igmen ta o f t h e C h i a / b p ro te in c o m p l e x II 
is p r o p o r t i o n a l to t h e con ten t o f the complex p ro t e in . O n the basis o f these, t h e 
q u a n t i t y of L H C can be es tabl ished f r o m the relat ive d i f ference of the c a r o t e n e a n d 
lutein quan t i t y , f r o m the neoxan th in a n d Ch l -b con t en t s . A m o n g c o r n lines, t h e 
L H C of h ighes t n u m b e r or largest size belongs t o P 165; this is fo l lowed by P 3901 
and the smal les t belongs t o P 523. F r o m a m o n g t o m a t o e s , line K m h a s a h ighe r 
L H C c o n t e n t than line K 3 . 
T h e f u n d a m e n t a l effect of 3 0 - 1 5 and 15-7 .5 min . L D C is t o d a m a g e L H C . 
(Tables 1, 2). 
A s a consequence of sho r t e r L D C the d e c o m p o s i t i o n o f Lu t a n d N e o c o m e s t o 
a ha l t a t the sensit ive kinds , as well . In t oma toes , t h e d i f fe ren t c o n t e n t s of L u t a n d 
N e o will be identical in 15-7.5 min . L D C (Tab le 2). 
T h e s e results sugges t t ha t no t the comple t e L H C is d a m a g e d by the s h o r t L D C 
only o n e of its c o m p o n e n t s , on the o t h e r hand this c o m p o n e n t ' s different size d e p e n d s 
on the " k i n d " p rope r ty . 
A n o t h e r charac ter is t ic o f the s h o r t r h y t h m s is the inc reasement in the q u a n t i t y 
o f a n t h e r a x a n t h i n . As a n t h e r a x a n t h i n and lu te in-epoxide a re no t s epa ra t ed on o u r 
th in- layer sl ide, p r o b a b l y it is n o t the de -epox ida t ion o f a n t h e r a x a n t h i n t h a t is 
inhibi ted but j u s t the epox ida t ion of lutein takes p lace . 
F r o m a m o n g c o r n lines. N o . 523, with the least L H C , and f r o m a m o n g t o m a t o e s . 
K m , w i t h the m o s t L H C , were mos t ly d a m a g e d by the 15-7.5 min . L D C . Clea r ly 
the des t ruc t ive effect of s h o r t r h y t h m s is no t di rect ly connec t ed wi th the q u a n t i t y 
o f L H C . 
3. W h a t c a u s e s t h e u n f a v o u r a b l e e f f e c t o f t h e s h o r t r h y t h m s ? 
Since MITCHELL'S c h e m i o s m o t i c theory of A T P synthes is (1961, 1977), a n u m b e r 
o f r e s e a r c h e s — H I N D a n d JAGENDORF, 1 9 6 3 ; CROFTS el ai: 1 9 7 2 ; PICK el at., 1 9 7 3 
a n d o t h e r s — d e m o n s t r a t e d t ha t in the thy lako id loculi ( f r o m o n e s ide of the 
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membrane to the o ther (l ight-induced p ro ton-up take and — as a result of darkness — 
f rom the intrathylakoid space — pro ton emission take place. We suppose tha t , in 
the 30-15 and 15-7.5 min. L D C , owing to the f requent ly repeated dark pe r iod : 
— T h e H + / M g 2 + exchange between the par t i t ion and loculus is partial . 
— T h e M g 2 + bond between light-harvesting Chl-a/b-protein complexes, the close 
a d h e s i o n o f g r a n a t h y l a k o i d s — M U R A K A M I a n d P A C K E R ( 1 9 7 0 ) , B A R B E R ( 1 9 7 6 ) , 
BARBER and CROW (1979) — become loose resp. defective, owing to the repeated 
pro ton efflux. 
— Owing to the defective adhesion, the sur face of L H C , resp. Lut , N e o and Chl-b , 
on it, become and s tar t decompos ing . 
O u r supposit ions are suppor ted by the electron-microscopical photographs , as 
well, being in prepara t ion , but we need a fu r the r many-sided investigation in order to 
decide the question. 
4. T h e v i o l a x a n t h i n c y c l e is t h e i n d i r e c t i n d i c a t o r o f 
p r o t o n - t r a n s p o r t 
Accord ing to HAGER (1969), the de-epoxidat ion ( t ransforming into zeaxanthin 
through an te raxanth in) of violaxanthin in the isolated chloroplast can be elicited 
by the low p H both of the light and med ium. HAGER supposed that the de-epoxidase 
enzyme is to be found in the loculus and is activated by the low p H . 
I t w a s d e m o n s t r a t e d b y MAR6TI a n d SZAJK6 (1972) t h a t a t t h e l i g h t - i n d u c e d 
t ransformat ion of violaxanthin in leaf-disks: 
— Violaxanthin occurs in chloroplas ts in strongly and weakly bonded forms. 
— In de-epoxidat ion, primari ly the weakly bonded violaxanthin takes part . 
Later on, SIEFERMANN and YAMAMOTO (1974, 1975) observed more exactly on 
isolated lettuce chloroplasts t ha t : 
— Max imum two-thirds (67 p.c.) of the entire violaxanthin quant i ty can be t rans-
formed and only this part icipates in de-epoxidation. 
— T h e violaxanthin quant i ty , able to be de-epoxidized, changes depending on 
light intensity. 
— They have supposed that the violaxanthin which is able to be de-epoxidized 
is to be found in the loculus (mainly as a " f r ee p igment") , and the one- third 
of violaxanthin that is unable to be t ransformed is to be found at the outer 
surface of the membrane (mainly as pro te in-bound) (SiEFERMANN-HARMS, 1980). 
It follows f rom the above ment ioned t h a t — a t the given light intensity — the 
activity of de-epoxidase (the quant i ty of violaxanthin t ransformed within the t ime 
unit (may be the endogenous indicator of the light-induced acidification of the loculus 
In our experiments it has been observed t ha t : 
— As a result of high light-intensity (900 W/m 2 ) , the light-induced decrease of. 
violaxanthin (the percentage of da rk control) , in corn line 523, is three times 
faster in the first two minutes than in 165 (Fig. 1). 
— As a result of the 15-7.5 min. L D C , in corn line 523, violaxanthin considerably 
decreases, and in corn line 165, it increases (Table 1). 
— The mesophyll chloroplasts of line 523 shr ink in L D C and those of 165 swell. 
At the same time, line 523 produces in this rhythm the mos t , and line 165 the 
least dry material (Marot i and Pa taky , 1981). 
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Fig. I. Light-induced decrease of violaxanthin (percentage of dark control) in corn lines 165 
and 523. Light intensity is 900 W/m3. The experiment was performed with disks of 
6 mm diameter taken from the third and fourth leaves of 5-week maize, on wet filter-paper. 
C o n s e q u e n t l y in the ch lo rop la s t s of l ine 523, the p ro ton gradient , necessary fo r 
A T P , is ear l ier f o rmed (even a t light intensi ty 32 W m 2 ) t h a n in corn line 165. T h e 
1 5 m i n . i l lumina t ion o f ch lo rop las t s 523 is sa t i s fac to ry fo r the de -epox ida t ion o f 
a v i o l a x a n t h i n ; t h e s ame i l luminat ion of c o r n line 165, however , is insuff icient . Th i s 
m a y be o n e o f the causes of the o p p o s e d c h a n g e of the v io laxanth in c o n t e n t . 
mg violaxanthin /100 g fresh weight 
Fig. 2. De-epoxidation of violaxanthin in light and epoxidation of zeaxanthin in the dark. 
The time of illumination was 4, resp. 12 minutes, the dark period 30 minutes. The ex-
perimental conditions are identical with those of Figure I. 
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Abstract 
We have studied the effect of the short light-dark cycles (LDC) of 30-15 and 15-7.5 min. 
on the size of chloroplasts and the accumulation of dry matter, on 5-week corn lines (Pioneer 
165 and 523) and a hybrid (No. 3901), raised in a phytotron (32 Wm" ' ) . 
Between the shrinkage of mesophyll-chloroplasts and the accumulation of dry matter, 
a positive connection was found in the 30-15 min. LDC. 
The two corn lines (165 and 523) responded to the 30-15 min. LDC contradictorily. The 
size of bundle sheath chloroplasts is in a positive correlation with the dry-matter production, 
its volume is determined to a great extent by the size and number of grains of starch contai-
ned in it. 
The 15-7.5 min. LDC considerably decreased the size of bundle sheath chloroplasts and 
reduced the quantity of dry matter. 
We suppose that in the short LDC the frequent dark-induced proton efflux disturbs the 
normal formation of grana and, on the other hand, inhibits the formation of the necessary pH 
difference on the two sides of the thylakoid membrane. 
Introduction 
A c c o r d i n g t o G A R N E R a n d A L L A R D ( 1 9 3 1 ) , A L L A R D a n d G A R N E R ( 1 9 4 1 ) , BONDE 
(1955), TUKEY a n d KETELLAPPER (1963), the equal l ight -dark cycles of 5 sec. each , 
1, 4 a n d 12 hou r s each , a r e f a v o u r a b l e fo r the accumula t ion of d r y ma t t e r . 
T h e o p t i m u m of the n o t equa l l ight -dark cycles is s h o w n , acco rd ing t o KETELL-
APPER (1965), by the r a t io be tween the length of light per iods a n d tha t of the fu l l 
cycle, the value of the so-cal led p h o t o f r a c t i o n . T h e cons iderab le inhibi t ion of g rowing 
by the s h o r t ( 1 -30 min.) , a p p r o x i m a t e l y equa l l ight-dark rhy thms , a n d their s t rong 
reduc ing effect on the a c c u m u l a t i o n of d ry ma t t e r were d e m o n s t r a t e d by m a n y 
r e s e a r c h e r s ( G A R N E R a n d A L L A R D , 1 9 3 1 ; PORTSMOUTH, 1 9 3 7 ; BONDE, 1 9 5 5 ; F O G G , 
1 9 6 8 ; R A J A N e t a l . , 1 9 7 1 ; M A R Ó T I e t a l . 1 9 8 0 ) . 
A b o u t the effects o f l ight -dark cycles a t cell level, only few d a t a a r e k n o w n . 
T h e l ight- induced in vivo s h r i n k a g e of ch loroplas t was d e m o n s t r a t e d by s o m e 
researchers thus KUSHIDA et al. (1964), HILGENHEGER and MENKE (1965), MAKAROV 
et al . (1976), NOBEL (1967), ZURZYCKI (1974). T a k i n g the v o l u m e o f ch lo rop la s t 
he ld in the d a r k as 100 pe r cen t , t h e decrease of vo lume c h a n g e d be tween 15 a n d 
30 per cen t . HELDT et al . (1973) c o u l d no t observe a n y l ight - induced c h a n g e in 
the size in isolated ch lo rop las t s . 
Acco rd in g to ZURZYCKI a n d METZHER (1977): " t h e s h a p e of ch lo rop las t s 
d e p e n d s on two fac to r s : the r igidity of the in ternal s t ruc tures a n d mechan ica l effects 
of the s u r r o u n d i n g c y t o p l a s m " . T h a t ' s why we s tudied the effect of the s h o r t l ight-
da rk cycles on the size of ch lo rop las t s . O n the o ther h a n d , it was d e m o n s t r a t e d by 
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M U R A K A M I a n d P A C K E R ( 1 9 7 0 ) , H I N D e t a l . ( 1 9 7 4 ) , K R A U S E ( 1 9 7 7 ) , D U N I C e t a l . 
(1979) t ha t the reduc t ion of the size o f ch lo rop la s t is in connec t ion wi th l ight-
i nduced ion ( H + , M g + , K + ) exchanges , the loss o f water , a t t e n u a t i o n o f t h e m e m b r a n e 
T h e a t t e n u a t i o n o f m e m b r a n e s org ina tes f r o m the energizing effect o f t h e l ight-
induced p r o t o n g rad ien t . 
A f t e r al l , t h e degree of the sh r inkage of ch lo rop la s t s d e p e n d s on the in tens i ty 
of the pho tosyn the t i ca l l ight react ion. T h u s , it is t o be s u p p o s e d tha t f r o m the 
changes in the size o f ch lo rop las t s we can d r a w conc lus ions conce rn ing t h e o r g a n i c 
m a t t e r p r o d u c t i o n , as well. 
A c c o r d i n g t o MUSTARDY e t a l . (1976, 1981), as a result o f t h e l ight and N a + ions, 
the m e m b r a n e s of s t r o m a taper off in a m u c h lower degree t h a n t h e m e m b r a n e s o f 
g r a n a . T h e cons ide rab le a t t enua t ion of the n o r m a l m e m b r a n e s of g r a n a takes p lace by 
the pa r t i c ipa t ion o f the l ight-harvest ing Chi a / b prote in c o m p l e x ( L H C ) . T h e 
c h a n g e in t h e size o f ch lo rop la s t s depends , the re fo re , pr imar i ly on the n u m b e r a n d 
size of g r a n a a n d this may be interes t ing a t c o m p a r i n g the " k i n d " p roper t i e s . Of 
the near ly equa l l ight -dark cycles induced changes in ch lo rop las t there is o n l y k n o w n 
a little i n f o r m a t i o n , ob ta ined by a n electron mic roscope (e.g. REYSS e t a l . , 1970; 
H I R S C H A U E R e t a l . , 1 9 7 1 ) . 
T h e 3 0 - 1 5 min . l ight-dark r h y t h m s induce cons ide rab le his tological a n d m o r p h o -
logical changes in beans and m u s t a r d (MAR6TI et al . 1980). In o u r expe r imen t s in 
the p h y t o t r o n , w e have , the re fo re , l ooked for a n answer t o : 
— W h a t k ind o f effect is exerted by the 3 0 - 1 5 and 15-7.5 min . L D C on the 
size o f ch lo rop la s t s and if the c h a n g e in the in vivo sect ions can be m e a s u r e d by 
a light m ic roscope? 
— Is t he re a n y d i f ference in the c h a n g e of s ize o f mesophyl l and b u n d l e s h e a t h 
c h l o r o p l a s t s ? 
— W h a t kind of conc lus ion may be d r a w n f r o m the size o f c h l o r o p l a s t c o n -
ce rn ing pho tosyn thes i s , the a c c u m u l a t i o n of o r g a n i c m a t t e r ? 
D o the single c o r n lines respond to light t r e a t m e n t equa l ly? 
Mater ia l s and Me thods 
For the experiment, Zea mays L: Pioneer inbred corn lines 165 and 523, resp. Pioneer 
hybrid 3901 were used.* The plants were raised in a phytotron (HORVÁTH, 1972), with 400-700nm 
wave-length interval, under light-tubes F „ , at 20+1 °C daily temperature and 50-70 per cent 
relative moisture-content. 
At identical daily illumination, light treatments were as follows: 
(a) Light-dark rhythms (LDC) of identical intensity: 16-8 hrs; 30-15 resp. 15-7.5 min 
light-dark periods. Light intersity: 32 Wm"' . 
(b) Light-light rhythm (LLC) of changing intensity: 16-8hrs. 30 min. (30.75 Wm~ ! ) - I5 min 
(2.5 Wm"1) light-light periods. 
Plants were raised in a mixture of sand-pearlite of ration 1:1, with Hoagland's nutrient 
solution, modified by Reyss and Bourdu (1971), till their 5-week age. Water capacity of the 
sand-pearlite culture was daily set with distilled water to 70 per cent. In an experiment, in four 
climatic chambers (with four kinds of light-treatment), in 4 times 8 pots 96 plants were raised 
from one "kind" of plants. The experiment was repeated 3 times in different times. The size 
of chloroplasts was established on the basis of two experiments and the quantity of dry matter 
from the means of the three experiments. The plants were elaborated at 5-week old. The dry 
weight was established after being fixed at 105 °C and then dehydrated at 70 °C, in each organ 
• Seed-corn obtained from Dr. János Németh. Cereal Research Institute, Szeged. 
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separately. For investigating into the size of chloroplasts, we took samples from the middle 
region of the fourth leaf (counted from below) of the 5-week old plants. There were collected 
as controls the leaves of plants raised in 16-8 hrs LDC, in experiment I after lhr illumination 
(at 8 o'clock in the morning), in experiment II at the end of an 8-hour long dark period (at 
7 o'clock). From the other rhythms, leaves were taken at the end of the light period. (Three 
leaves in each of the experiments and light treatments.) Leaves were cut by hand, resp. with an 
electrical (Kryomat) refrigerating microtome of type Leitz. The 20-30ft thick sections were 
covered with 1.5 p.c. glutar-aldehyde, 0.5 M potassium-phosphate (pH 7.3) buffer and immediately 
photographed with a polerizing photomicroscope Opton. The longest diameter and thickness 
of the chloroplast were measured from paper pictures of known magnification (N: 1969). In 
each experiment: one photographic datum is the mean of 60 measurements. 
Results 
1. T h e e f f e c t o f t h e s h o r t l i g h t - d a r k p e r i o d s 
o n t h e q u a n t i t y o f d r y m a t t e r 
T h e effect o f the 3 0 - 1 5 min . L D C on the invest igated d ry -ma t t e r accumula t ion 
of c o r n lines was d i f ferent . Th i s is par t icu lar ly s t r ik ing in lines 523 a n d 165 (Tab le 1). 
In the 30 -15 min . L D C , the t o t a l d ry m a t t e r o f c o r n 523 increased by 2 3 pe r 
cent and tha t o f t h e leaf by 38 p.c. , a s c o m p a r e d wi th t h e 16-8 hrs L D C . O n t h e 
o ther h a n d , a t c o r n line 156, the d ry we igh t , fa l l ing on each leaf , h a s n o t changed and 
the to ta l d ry m a t t e r decreased by 10 p.c. , as c o m p a r e d wi th 16-8 hrs L D C of t h e 
con t ro l (Tab le 1). 
T h e d r y - m a t t e r accumula t ion o f hybr id 3901 c o r n was less s t imula ted by the 
30 -15 min . L D C t h a n tha t of line 523 a n d was less inhibi ted t h a n t h a t o f line 165. 
Table 1. The effect of the light-dark periods of different length on the dry-matter quantity of 
5-week old corns. 
At identical daily illumination, in the 16-8 hrs, 30-15 and 15-7.5 min. LDC, light 
intensity was 32 W m " ' ; in the 30-15 min. LLC of continuous illumination, light 
intensity changed between 30.75 Wm"« and 2.5 W m " ' (30-15 min.). The following 
are the means of 36 plants in three experiments. 
("Other" = leaf sheath, leaf and stalk primordia.) 
Dry weight mg/plant 
Corns Light treatment 
root leaf other total 
P 165 16-8 hrs LDC 468.9 280.6 111.9 861.4 
30-15 min. LDC 415.7 273.5 88.9 778.1 
15-7.5 min. LDC 492.2 223.5 75.3 791.0 
30-15 min. LLC 511.8 278.0 111.7 901.5 
P 523 16-8 hrs LDC 472.6 222.6 97.0 792.2 
30-15 min. LDC 528.1 307.2 112.5 974.8 
15-7.5 min. LDC 419.2 206.6 75.3 701.1 
30-15 min. LLC 475.0 238.0 95.4 808.4 
P 3901 16-8 hrs LDC 725.0 400.8 170.2 1296.0 
30-15 min. LDC 662.5 489.5 169.6 1321.6 
15-7.5 min.LDC 678.0 335.0 127.3 1140.3 
30-15 min. LLC 681.2 455.5 168.9 1305.6 
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Hybrid 3901 has outs tandingly utilized the light, in spite of light intensity 32 W m - 2 
which is low for corns . As compared with the the two lines, it gave a max imum dry-
mat te r product ion in every rhy thm. T h e 15—7.5 min. L D C considerably diminished 
the quant i ty of dry matter , both a t the two lines and the hybrid . The degree of the 
total dry-mat ter decrease was the highest (12 p.c) a t corn line 523 (Table 1). 
The increase in the dry-mat ter of corn lines was favourably influenced by the 
cont inuously i l luminated 30-15 min. L L C of rhythmical ly changing s t rength. As 
compared with the 16-8 hrs L D C , in the 30-15 min. L L C the increase in dry ma t t e r 
is insignificant but the difference is str iking if we c o m p a r e the dry-mat ter p roduc t ions 
induced by the 30-15 min. L D C and the 30-15 min. L L C . 
The 30-15 min. L D C increased the d ry-mat te r quant i ty of corn line 523 by 
23 per cent and decreased that of corn line 165 by 10 per cent . O n the o ther h a n d , 
the 30-15 min. L L C of con t inuous light modera ted the accumula t ion of the total 
dry mat ter at corn line 523 and increased it a t 165, as compared with the 30-15 
min. L D C . 
T h e shor t rhythms of 30-15 and 15-7.5 min. caused only a slight change in the 
dry-mat ter accumula t ion in the organs of corn lines. T h e " f a v o u r a b l e " resp. " i n -
f avourab le" effect of the shor t l ight-dark periods pr imari ly manifests itself in the 
dry-mat ter quant i ty of the intensively growing leaves, leaf sheaths and stalk- and 
leaf-primordia. 
2. T h e e f f e c t o f a l t e r n a t i n g l i g h t - d a r k c y c l e s o n t h e s i z e 
o f c h l o r o p l a s t s 
Corn lines 165 and 523 considerably differ f rom each o ther in the size of ch loro-
plasts and in their reactions given to the 30-15 min. L D C , as well. 
T h e mesophyll and bundle sheath chloroplas ts of line 165 are lareer than those 
of corn line 523 (Table 2). 
T h e 30-15 min. L D C hardly changed the d iameter of mesophyll chloroplas ts 
(Mchp) of corn line 165, at the same time, however , it considerably increased their 
thickness. Oppos i t e to the swelling of M c h p 165, the d iameter and thickness of 
M c h p of corn line 523 also considerably decreased (Table 2, Fig. 1). 
The full vo lume of bundle-sheath chloroplasts (Bchp) was considerably in-
creased by 30-15 min. L D C in case of both co rn lines (165 and 523). It is to be 
seen even with a light microscope that chloroplasts — with the exception of 15-7.5 
min. L D C — are full of starch (Table 2, Plate I , picture 3 ; Plate II, pictures 2 , 3 ; 
Plate IV, pictures 3, 4). A t corn line 523, the da rk green co lour of Bchp is s t r ik ing; 
its cells are full of chloroplas ts (Plate II , picture 2). 
T h e diamater of the Mchp-s of line 165 was a little reduced by the 15-7.5 min. 
L D C . It is obvious that in case of corn line 523, the change in M c h p is insignificant. 
A t the change in Mchp-size, it can less be observed that the 15-7.5 min. L D C is 
unfavourable for the development of plants, for the accumula t ion of dry ma t t e r . 
T h e damaging effect of this rhy thm is, however, shown by several facts : 
— As a result of the 15-7.5 min. L D C , the size of Bchp-s strikingly decreases at 
both corn lines. 
— In Bchp , hardly any s tarch can be seen. 
— The Mchp-s a re yellowish green, very easily burst asunder , break in to pieces. 
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(Tab le 2. , P la te I I I , pictures 1, 2 , 3 . ) 
T h e d i a m e t e r o f M c h p - s of c o r n line 165 was a little reduced by the 3 0 - 1 5 min . 
L L C of c o n t i n u o u s i l luminat ion bu t o f rhy thmica l ly chang ing s t reng th , its th ickness 
was cons ide rab ly increased by the s a m e . T h e size of M c h p - s o f c o r n line 523 w a s 
s o m e w h a t reduced in this r h y t h m , resp. it ha rd ly changed (Pla te IV, p ic tures 1, 2). 
T h e Bchp-s a r e the largest in t h e 3 0 - 1 5 min . L L C , they a r e full of s t a r ch (P la te 
IV, p ic tu res 3, 4). 
T h e c h a n g e in the thickness of Bchp-s s h o w n an oppos i t e t endency a t the t w o 
lines. A t line 165, the th ickness o f Bchp-s cons ide rab ly increases, in con t r ad i c t ion 
to line 523, w h e r e t h e thickness o f Bchp-s on ly a little changes , as c o m p a r e d with the 
c o n t r o l and the 30 -15 min . L D C (Fig. 1). 
A p a r t f r o m the differences, man i fe s t ina themselves in the size of t h e ch lo ro -
plasts o f the t w o lines a n d in the t endency o f ch lo rop la s t s to c h a n g e their size, t h e 
t issue s t ruc tu re o f leaves a lso cons ide rab ly changes , as a result o f t r ea tmen t s . In 
addi t ion t o phenolog ica l observa t ions , leaf cross-sect ions were a lso m e a s u r e d . On 
the basis of s o m e no t publ ished results , the m o s t obvious changes a re t h e fo l lowing : 
Table 2. The effect of light treatments of short rhythm on the size of chloroplast of the fourth 
leaf of 5-week old corn lines. 
The light treatments are identical with those described in Table 1. The chloroplasts 
of 16-8 hrs LDC were measured in experiment 1 after 1 h illumination, and in experi-
ment II at the end of an 8 hrs dark period. At the other rhythms, the chloroplasts 
originate from the end of the light cycle. The chloroplast diameter means the longest 
diameter resp. largest thickness in /i. (The data are the means of 60 measurements.) 
Maize Light treatment 
Change in the size of chloroplasts (//) 
lines 
mesophyll chl. pi. bundle sheath chl. pi. 
experiment 1 diameter thickness diameter thickness 
P 165 16-8 hrs LDC 5.3 3.1 7.9 5.3 
30-15 min. LDC 5.3 4.4 8.5 5.6 
15-7.5 min. LDC 4.5 3.4 6.8 4.5 
30-15 min. LLC 5.0 4.1 8.6 6.1 
P 523 16-8 hrs LDC 4.3 3.2 6.4 4.3 
30-15 min. LDC 3.9 3.0 6.9 4.9 
15-7.5 min. LDC 4.2 3.1 6.1 3.6 
30-15 min. LLC 4.1 3.1 7.1 4.8 
experiment II 
P 165 16-8 hrs LDC 5.4 3.4 7.6 5.1 
30-15 min. LDC 5.6 4.7 8.6 5.8 
15-7.5 min. LDC 4.9 3.5 7.1 4.4 
30-15 min. LLC 5.1 4.2 8.7 6.0 
P 523 16-8 hrs LDC 4.2 3.2 6.6 4.5 
30-15 min. LDC 3.8 2.8 7.3 5.3 
15-7.5 min. LDC 4.3 3.1 6.0 3.6 
30-15 min. LLC 4.2 3.0 7.2 4.6 
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— T h e thickness of cell-walls (mesophyll . epidermis) are reduced by the 15-7.5 min. 
L D C . The cells are " e x p a n d e d " . The m o t o r cells a re strikingly increased. 
They run to abou t 50 per cent of the thickness of the leaf-blade. This refers 
to increased water content , as well. T h e water quant i ty , falling on 1 g d ry 
weight in the 15-7.5 min. L D C , at corn line 523, is 19 per cent and a t corn 
line 165, 2 per cent — m o r e in the four th leaf, as compared with the cont ro l . 
T h e large vascular bundles a re normally developed (Plate IV, picture 4 ; Pla te V, 
picture 6). 
— T h e leaves of the individuals, g rown in the 30-15 min. L D C and 30-15 min. 
L L C , arc more "mass ive" . In ease of line 523, part icularly the bundle shea th 
cells are filled, a lmost fully, by chloroplasts . In case of line 165, this effect is 
m o r e modera ted (Plate V, pictures 3, 4 , 5). 
O n the leaves of cont ro l individuals the changes described above canno t be 
observed (Plate V, pictures 1 , 2 ; Pla te I, p ic ture 4). 
Discussion 
1. D r y - m a t t e r p r o d u c t i o n a n d t h e l e n g t h o f t h e l i g h t - d a r k c y c l e s 
A t establishing the op t imum length of the l ight-dark cycles, we should take into 
considerat ion that certain p lants need a different l ight-dark per iod for the generative 
and vegetative developments repectively. W e have only investigated in our experi-
ments the vegetative growth . T h u s we consider as o p t i m u m the L D C , producing 
the highest dry-mat ter product ion dur ing the t ime unit with identical i l lumination and 
light quant i ty . 
According to HORVATH et al. (1977, 1978), MAR6TJ et al. (1980), the 30-15 min. 
and even longer L D C may have, depending upon the peculiarity of the kind, several 
op t imum lengths, too. O n the o the r hand , the 15-7.5 min. L D C is unambiguous ly 
unfavourab le for the accumula t ion of dry ma t t e r . The time of daily i l lumination 
and the quant i ty of energy a re identical in the 16-8 hrs , 30-15 min. and 15-7.5 min . 
L D C . So the quest ion rises, why the 15-7.5 min. L D C is ha rmfu l . 
T h e quant i ty of dry mat ter depends — according to ALLARD and GARNER 
(1941) — primari ly on the length of light periods. 
The op t imum length of L D C can be best illustrated — according to TUKEY 
et al. (1963), KETELLAPPER (1965) — by the ra t io between the length of the light 
per iod and that of full cycle. If this ra t io is 5 /6 (e.g.: 2 0 - 4 hrs , 30-6 and 15-3 min . 
L D C ) , then a max imum dry mat te r can be ob ta ined . 
According to the literary da ta , in our L D C the length of the light per iod is 
shor t . HURD'S investigation (1973) seems to s u p p o r t this, as well. H e changed — a t 
an identical daily i l lumination of 8 hrs (20 W m - 2 ) l ight — 16 hrs da rkness ; 8 h rs 
(18 W M - 2 ) light + 8 hrs (2 W m - 2 ) light — 8 hrs darkness — light intensity and the 
length of the L D C period. In photoper iod 8 + 8 light — 8 darkness he ob ta ined 
100 per cent more dry matter than in the 8-16 hrs L D C . 
Despi te the literary da ta , seemingly the unfavourab le effect of shor t rhy thms 
is only slightly connected with the relative length of the l ight-period, because: 
— T h e ratio of the length of the licht-period and that of the full cycle was identical 
in all L D C , i.e. 4/6. 
— In the same 30-15 min. L D C , the total d ry mat te r of corn line 523 is the mos t , 
and that of corn line 165 is the least, as compared with the o ther light t rea tments . 
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— In the p lan t s invest igated by the a u t h o r s of this paper (maize, t oma toes , beans) , 
the q u a n t i t y of d ry m a t t e r was s t rongly reduced by 15-7.5 min . L D C . Th i s 
cons ide rab le inhibi t ion o f t h e shor t r h y t h m s is surpr is ing because the s econd-
a n d the a - few-seconds- long L D C - s p r o d u c e an o u t s t a n d i n g o rgan ic m a t t e r 
( G A R N E R a n d A L L A R D , 1 9 3 1 ; F O G G , 1 9 6 8 ) . 
Accord in g t o o u r suppos i t i on , the u n f a v o u r a b l e L D C - s p r imar i ly d i s t u r b the 
accumula t ion of thy lako id loculi and the f o r m a t i o n o f the d i f ference of p H , necessary 
on the t w o sides o f t h e m e m b r a n e . T h e d a m a g i n g f ac to r or ig ina tes f r o m the o f t en 
repea ted d a rk per iods , f r o m t h e s u m m a r i z e d p r o t o n emission (MAR6TI e t . a l , 1981). 
All these man i fe s t themselves initially in the t roub le of p r o t o n - t r a n s p o r t , the swelling 
of the ch lo rop la s t , and later o n , in the des t ruc t ions of the m e m b r a n e and the decrease 
in size of t h e ch lorop las t . 
2. T h e v o l u m e o f c h l o r o p l a s t a n d t h e p r o d u c t i o n o f o r g a n i c m a t t e r 
O u r exper imen t s conf i rm NOBEL'S observa t ion tha t the sh r inkage of ch lo ro -
plas ts refers t o an in tensive pho tosyn the t i c func t ion ing . T h e close coincidence o f 
the smal les t size of the invest igated c o r n M c h p - s and the largest q u a n t i t y of the to ta l 
dry m a t t e r is s t r ik ing in the 16-8 hrs a n d 30 -15 min . L D C - s (Fig. 1). 
T h e r e is an o p p o s i t e c h a n g e in the size of the Mchp-s of the t w o c o r n lines a n d 
the a c c u m u l a t i o n of d ry m a t t e r in the 30 -15 min . L D C . T h e size of M c h p 523 in 
this L D C is the smal les t and largest d ry ma t t e r p roduc t ion . T h e M c h p th ickness o f 
line 165 is s t r ik ingly the largest in the 30 -15 min . L D C . At t h e s a m e t ime, i ts d ry 
Fig. I. Size of mesophyll and bundle sheath chloroplasts and change in the total dry weight, 
due to the 16-8 hrs, 30-15, 15-7.5 min. light-dark cycles (LDC) and to the 30-15 min. 
light-light cycle (LLC). 
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Plate I. Effect of the 16-8 hrs LDC. 
Picture 1: Pioneer line (P. 1.) 165. Picture 2: Pioneer line 523: the difference by size of meso-
phylls and bundle-sheath chloroplasts of identical magnification (xlOOO). Picture 3: 
Grains of starch in the bundle-sheath chloroplasts, P. 1. 165, Magnification: xl580. 
Picture 4: leaf cross-section, motor cells. P. 1. 165, magnification: x545. 
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Plate II. Effect of the 30-15 min. LDC. 
Pictures 1 ,3 : Mesophyll and bundle sheath chloroplasts of P. 1. 165, magnification: xlOOO 
(picture I), xl580 (picture 3). Picture 2: mesophyll and bundle sheath chloroplasts of 
P. 1. 523, magnification: xlOOO. Picture 4: Leaf cross-section of P. 1. 523, magnifica-
tion: x810. 
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Plate III. Effect of the 15-7.5 min. LDC. 
Picture 1: P. 1. 165, Picture 2: P. 1. 523: degraded mesophyll and bundle sheath chloroplasts 
of identical magnification (x 1000). Picture 3: in the bundle sheath chloroplasts of centrifugal 
arrangement there can hardly be seen any grains of starch. P. I. 165, magnification: xl580. 
Picture 4: the sclerenchyma-, phloem-xylem-part- and bundle sheath-cells of the cross-
section of large veins. P. 1. 523, magnification: xlOOO. 
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Picture 1: P. 1. 165, Picture 2: P. 1. 523, strongly increased bundle sheath chioroplasts of identical 
magnification (xlOOO). Pictures of the cross-section (Picture 3: P. I. 165) and of the longi-
tudinal section (Picture 4: P. 1. 523) of bundle sheath chioroplasts of centrifugal arrange-
ment, full of starch, of identical magnification (xl580). 
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Plaie V 
Picture 1. Picture 2: P. I. 523. Leaf cross-section of 16-8 hrs LDC, of magnifications x!63 
and x645. Picture 3: P. 1. 523. Leaf cross-section of 30-15 min. LLC. x416. Picture 4: 
P. 1. (magnification: x253) and Picture 5: P. 1. 165 (magnification: x204). Cross-section of 
leaves of identical light-treatment (30-15 min. LDC). Picture 6: P. 1. 523. 15-7.5 min. LDC. 
Cross-section of a leaf. Magnification: x253. 
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mat te r q u a n t i t y is the smal les t . A c c o r d i n g to the l i terature — NOBEL, 1967; MURA-
KAMI and PACKER, 1970b, MUSTARDY, 1981 — the a u t h o r s s u p p o s e t ha t the c o n -
s iderable swelling o f the M c h p of line 165 (in 3 0 - 1 5 min . L D C ) or ig ina tes f r o m t h e 
th ickening o f g r a n u m m e m b r a n e s . O w i n g t o the of ten repea ted d a rk p e r i o d s : 
— O n t h e two sides of thy lako id , t h e necessary p r o t o n g rad ien t is no t f o r m e d . 
T h e A T P f o r m a t i o n d e c r e a s e s ( H I N D a n d J A G E N D O R F , 1 9 6 3 ; P I C K e t a l . , 1 9 7 3 ) . 
— T h e M g ' 2 + / H + exchange between t h e loculus and par t i t ion is defect ive . A c c o r d -
i n g t o B A R B E R ( 1 9 7 6 ) , B A R B E R a n d C R O W ( 1 9 7 2 ) , t h e M g 2 + b o n d b e t w e e n t h e 
light, harves t ing complex ca rboxy l g roups , which is i m p o r t a n t f r o m the view 
p o i n t o f m e m b r a n e - a d h e s i o n , does no t t ake place , resp. it is bu t par t ia l . 
— Acco rd in g to MURAKAMI et PACKER (1970b), the g rana a r e swell ing because the 
ca rboxy l g r o u p s in the m e m b r a n e s ( R - C O O - ) a re hyd ra t ed . T h e ques t ion 
rises, why c o r n line 523 r e sponds j u s t oppos i t e to the 30 -15 min . L D C . 
Acco rd in g t o ou r suppos i t i on , in t h e M c h p of line 523, a t the app l ied 32 W m ~ 2 
light in tensi ty , the necessary p r o t o n g rad ien t is earlier f o rmed . O u r hypothes i s 
(MAR6T1 et. al . , 1981) is s u p p o r t e d by t h e fo l lowing fac t s : 
a ) T h e — loculus p H - d e p e n d i n g — xan tophy l l cycle of ch lo rop las t s 523 is fas te r 
t h a n tha t of line 165. 
b) O n the basis of the q u a n t i t y p i a m e n t s (chlorophyl l b, lutein, n e o x a n t h i n ) of 
t h e l ight-harvest ing C h i a / b - p r o t e i n complex ( L H C ) , t h e v o l u m e of a ch lo ro -
plas t g r anum- locu lus is, in case of c o r n line 165, m u c h larger t h a n tha t of l ine 
523. The re fo re , the de te rmined p H difference (5-9) between t h e c losed inner 
a n d o u t e r membrane - spaces o f M c h p 165 is f o r m e d compara t ive ly s lower . 
c) T h e sh r inkage of the M c h p , i nduced by the 30 -15 min . L L C of c o n t i n u o u s 
i l luminat ion , a s well as the h igh va lue of the d ry ma t t e r p r o d u c t i o n seem t o 
s u p p o r t o u r except ion tha t the d a m a g i n g effect of shor t r h y t h m s or ig inates f r o m 
t h e p r o t o n emission o f the f r e q u e n t l y repea ted da rk per iod ( the in t r a thy lako id 
space) . 
But the final decision o f these ques t ions , requi res f u r t h e r many-s ided investiga-
t ions. 
T h e u n i f o r m decrease in the size of M c h p in the 15-7.5 min . L D C or ig inates f r o m 
the — supposed ly m o r e increased — m e m b r a n e des t ruc t ion . It is s h o w n by o u r 
p igment invest igat ions (MAR6T1 et a l . , 1981) t ha t pr imar i ly the l ight -harves t ing Chi 
a /b -p ro te in complex is d a m a g e d . 
T h e size of Bchp s h o w s a pos i t ive c o n n e c t i o n with the q u a n t i t y o f d ry ma t t e r . 
It is cons iderab ly de te rmined by the n u m b e r a n d size of the gra ins of s t a r ch in it. 
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S u m m a r y 
Intensity of the respiration of the chilled-stratified seeds increases more intensively than 
that of the warm-stratified ones. Intensity of the respiration was further increased by treatment 
with exogenous GA, at both temperatures. Change in the lipase activity was similar. Embryos 
of seeds treated with exogenous GA, were larger than the untreated ones at both temperatures 
investigated. Slight differences were, however, observed in the germination rate of the excised 
embryos and in the intensity of the growth of the seedlings. 
Faster degradation of the endosperm cells around the radicle was promoted by the chilled-
stratification. This process cannot be forced by the exogenous GA3 alone. 
Introduction 
In the seeds of the Tilia platyphyllos t h e e m b r y o increases dur ing the chil led-
strat i f icat ion (NAGY et a l . , 1981) and all c h a n g e s p r o m o t i n g the germina t ion t ake 
place. 
T h e ge rmina t ion is an energy-intensive process since it includes the cell-division 
and e longa t ion . T h e r e f o r e , a t the swelling of the seeds mobi l iza t ion of t h e s to red 
nu t r iments , which a re utilized as resp i ra tory basic ma te r i a l s and fo r the synthes is o f 
new subs tances , s ta r t s immedia te ly . In t h e mobi l iza t ion of the n u t r i m e n t t ak ing 
place du r ing t h e swelling of the seeds h a v e a n i m p o r t a n t role the h o r m o n e s , firts o f 
all the gibberel l ins which a re i m p o r t a n t in t h e s ta r t o f the synthesis and the enhance-
ment of t h e act ivi ty of the hydro ly t ic enzymes o f decisive impor t ance (LEWAK et al . , 
1975; ZARSKA-MACIEJEWSKA a n d LEWAK, 1976). Th i s m a y explain t ha t in the case 
of n u m e r o u s species the chi l led-strat i f icat ion requ i rement , necessary for the ge rmina-
t ion, can be subs t i tu ted fo r exogenous G A 3 t r e a t m e n t (AMEN, 1968; JUNTTILA, 1970; 
Ross and BRADBEER, 1971; KOPCEWICZ and PORAZINSKI, 1973; BASKIN and BASKIN 
1 9 7 0 , 1 9 7 4 ) . 
Since in the case of the Tilia platyphyllos seeds the chil led-strat if icat ion c a n n o t be 
subs t i tu ted for exogenous G A 3 t r ea tmen t (NAGY a n d SZALAI, 1973), the a im o f the 
present s tud ies was t o get f u r t h e r d a t a c o n c e r n i n g the influence of the e x o g e n o u s 
G A 3 t r e a t m e n t on t h e d o r m a n c y o f t h e Tilia platyphyllos seeds. T h a t ' s w h y the 
effect of the G A 3 t r ea tmen t was invest igated conce rn ing the metabol i sm of the seeds, 
the growing intensi ty of embryos excised f r o m t h e t rea ted seeds and the mechan ica l 
resistance of the t issues s u r r o u n d i n g the e m b r y o . 
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Mater ia l s and M e t h o d s 
Fruits used for these studies were obtained from the Forestry of Csongrád County from 
trees forming close stand, thus population material was investigated. 
The pericarps were mechanically removed and the seeds treated with sulfuric acid for 8 min 
then thoroughly washed, dried and put into filter-papers moistened water and 3X10""4 M GA, 
solution (Phylaxia. Budapest) and stored in refrigerator (at + 5 °C), while an other series in ther-
mostat of 25 °C. 
M e a s u r e m e n t of the i n t e n s i t y of the r e s p i r a t i o n 
Intensity of the respiration of variously treated seeds was measured with Warburg's appa-
ratus (KEIL and SORMOWA, 1968) in 3 weeks periods. Test pots were put into water-bath of 
25 °C. The manometers were read at 15 min intervals for 60 min. Amount of oxygen consumed 
by the seeds was calculated from the following formula: 
Hi 0 , = k - K . , 
where/: is the pressure measured with the manometer and K 0 j is the factor of vessel belonging 
to the corresponding manometer. Three parallel series were used for the measurements. . 
M e a s u r e m e n t o f t h e l i p a s e a c t i v i t y 
T h e enzyme p r e p a r a t i o n s were made acco rd ing t o COLOWICK a n d KAPLAN 
(1955). Lipolyt ic act ivi ty was m e a s u r e d by us ing the m e t h o d of ORY et al . (1962) 
a f t e r the de t e rmina t ion of t h e p H o p t i m u m . 
M e a s u r e m e n t o f t h e g r o w t h i n t e n s i t y o f t h e e x c i s e d e m b r y o s 
In the d i f ferent per iods of the s t ra t i f icat ion t h e embryos were excised a n d s t o r e d 
in semisteri le cond i t ions in Pet r i d ishes on filter-papers mois tened wi th W h i t e ' s 
c u l t u r e m e d i u m (WHITE, 1943) a n d i l luminated wi th lOOOOlx fo r 16 h pe r d a y a t 
25 ° C dai ly and 20 ° C n igh t t empe ra tu r e . Size o f the seedl ings was m e a s u r e d on 
the 3rd d a y a f t e r t h e excis ion. 
H i s t o l o g i c a l e x a m i n a t i o n o f t h e s e e d s 
F o r the his tological e x a m i n a t i o n of the seeds, longi tud ina l sect ions were p r e p a r e d 
by m e a n s o f the usual pa ra f f iné e m b e d d i n g t echn ique f r o m seeds chi l led-s t ra t i f ied 
fo r 3 m o n t h s and f r o m seeds warm-s t ra t i f ied fo r 6 m o n t h s a n d t rea ted with G A 3 . 
T h e sec t ions were s ta ined wi th Ehr l i ch ' s acidic haematox i l in , fixed in g lycer ine-gela-
t ine a n d examined with l ight -microscope . 
Results and Discussion 
C h a n g e in t h e i n t e n s i t y o f t h e r e s p i r a t i o n o f s e e d s 
u n d e r c h i l l e d - a n d w a r m - s t r a t i f i c a t i o n 
T h e intensi ty o f the resp i ra t ion measured wi th W a r b u r g ' s a p p a r a t u s wi th m a n o -
mete r is a g o o d index of the act ivi ty of the me tabo l i sm . 
M e a s u r e of the in tens i ty of the respi ra t ion of the var ious ly t rea ted seeds a t 
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Fig. I. Change of the respiration intensity of the Tilia platyphyllos seeds as a result of GAS treat-
ment combined with chilled- and warm-stratification. 
d i f ferent t imes is d e m o n s t r a t e d by F igure 1 showing the a m o u n t o f oxygen (ml) con -
s u m e d by 100 seeds d u r i n g 1 h. A s it can be seen f r o m the F igure , intensi ty of the 
respi ra t ion of the warm-s t ra t i f ied seeds is m u c h lower than tha t of t h e chi l led-stra -
tified ones . 
T h e exper iences a re s imi lar fo r the seeds of the pea r (ALSCHER-HERMAN et al . , 
1981) a n d o f t h e c h e r r y t o o (POLLOCK a n d OLNEY, 1959). T h e i n t e n s i t y o f t h e r e s p i r a -
tion is increased by the G A 3 t r e a t m e n t a t bo th t empera tu res showing the me tabo l i sm 
increas ing effect . 
C h a n g e o f t h e l i p a s e a c t i v i t y o f t h e s e e d s u n d e r 
c h i l l e d - a n d w a r m - s t r a t i f i c a t i o n 
In l ip id-conta in ing seeds the first s t ep of the mobi l iza t ion of the reserve mater ia l s 
is the deg rada t i on of the lipids wi th the help of lipases. Since the main reserve mate -
rials of the Tilia seeds a r e lipids ( R A D E C K E , 1 9 6 7 ) , l ipase act ivi ty was measu red t o 
charac ter ize the me tabo l i sm act ivi ty. 
T y p e s of lipases present in t h e seed in d o r m a n c y and fo rmed d u r i n g the ge rmina-
tion a re ques t ion u n d e r d i s p u t e in t h e l i tera ture . 
In the e n d o s p e r m of the cas tor -o i l bean a lipase with 4.3 p H o p t i m u m was f o u n d 
by ORY et al . (1962), while YAMADA (1957) descr ibed an o ther l ipase sys tem fo rmed 
dur ing the ge rmina t ion of the seed and possessing a p H o p t i m u m in the neut ra l 
range . 
In the seeds, the presence o f l ipase sys tem with different p H o p t i m a is con tes ted 
by several a u t h o r s . Acco rd ing to RAMAKRISHNAN and BANERJEE (1951) on ly o n e 
lipase system exists in the seeds p H o p t i m u m of which is in the acidic range, p H 
o p t i m u m observed in the neu t ra l r ange is caused by the lipase act ivi ty of the micro-
organisms, invisible fungi , f o u n d on the seeds. This a s sumpt ion was c o r r o b o r a t e d 
b y t h e d a t a o f RIMON ( 1 9 5 7 ) a n d ST ANGELO a n d ALTSCHUL ( 1 9 6 4 ) a s w e l l . 
However , lipase sys tems wi th d i f ferent p H op t ima were f o u n d by SMOLENSKA 
a n d LEWAK ( 1 9 7 4 ) in v a r i o u s s e e d s . 
Dete rmina t i on of the p H o p t i m u m of the l ipase activity o f the Tilia seeds 
revealed two p H o p t i m a a t 4.5 a n d 6.5, there fore , the activity was m e a s u r e d a t 
bo th o p t i m a in all cases. 
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C h a n g e of the l ipase act ivi ty of the Tilia seeds under s t ra t i f ica t ion is s h o w n by 
Figure . 2 (A and B). In the Figure , a m o u n t of the fa t ty acid (in oleic acid e q u i v a l e n t ) 
released du r ing 96 h by l ipase ext rac ted f rom 100 seeds is s h o w n . 
A s it can be seen, du r ing the 12 weeks inves t iga t ion , the increase in t h e l ipase 
activity of seeds s trat i f ied a t r o o m t e m p e r a t u r e w a s m u c h lower t h a n tha t of t h e 
chi l led-strat i f ied ones . T h e increase o f the act ivi ty was obse rved a t b o t h p H a s a 
result o f t h e G A 3 t r e a t m e n t which is in a c c o r d a n c e with t h e resul ts o f t h e measu re -
m e n t s of t h e respi ra t ion intensi ty . T h e activi ty was higher at p H 6.5 (F ig . 2 A ) t h a n 
a t p H 4.5 (Fig. 2B). 
r r 
Fig. 2. Change of the lipase activity of the Tilia plaiyphyllos seeds as a result of GA, treatment 
at pH 6.5 (A) and pH 4.5 (B) combined with chilled- and warm-stratification. 
E f f e c t o f t h e G A 3 t r e a t m e n t o f t h e s e e d s o n t h e g r o w t h 
o f t h e e m b r y o s 
Since in the case of the Tilia plaiyphyllos seeds the e x o g e n o u s G A 3 t r e a t m e n t 
does no t subs t i tu te the chi l led-s t rat i f icat ion, o n e can a s s u m e tha t a m o u n t of G A 3 
necessary fo r t h e s t imula t ion of the g rowth o f the e m b r y o c a n n o t get in to the seed . 
F o r this r eason , e m b r y o s were excised f rom seeds t rea ted with G A 3 f o r 2 m o n t h s 
a n d c o m p a r e d wi th t hose excised f r o m con t ro l seeds (Fig. 3). F i g u r e s h o w s t h e 
co n t ro l e m b r y o s in the u p p e r line while those excised f rom seeds t rea ted wi th G A 3 
in the lower line. 
A l t h o u g h the e m b r y o s were larger than the con t ro l a t b o t h t e m p e r a t u r e s a s a 
resul t of the exogenous G A 3 t r ea tmen t , ge rmina t ion took place on ly in the case o f 
the chi l led-strat i f ied seeds, a n d n o germina t ion was observed with the warm-s t ra t i f i ed 
ones even on 6 m o n t h s G A 3 t r e a t m e n t . T h e exogenous G A 3 t r ea tmen t s t imu la t ed 
mainly the g r o w t h o f the co ty ledones . The s a m e found for the F r a x i n u s excels ior 
seeds where , as a result of the G A 3 t r e a tmen t , the co ty ledones of the e m b r y o increased 
to such an ex tent t ha t they got c ru shed in the seed but n o ge rmina t ion took p lace 
( S Z A L A I a n d N A G Y , 1 9 6 8 ) . 
G e r m i n a t i o n of the e m b r y o s excised f rom seeds t rea ted wi th G A 3 u n d e r chi l led-
or warm-s t ra t i f i ca t ion was fast bu t the differences o f the size of the seedl ings did n o t 
jus t i fy the fa i lure of the ge rmina t ion a t room t empera tu r e . F igure 4 s h o w s the size 
of the seedl ings developed f r o m the embryos ob ta ined f r o m var iously t rea ted seeds, 
3 days a f t e r the excision. In the case of warm-s t ra t i f i ca t ion t h e res is tance of t h e 
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Fig 3. Influence of the GA, treatment of the 77/i'a plaiyphyllos seeds on the growth of the embryos. 
Upper line is the control and the lower line shows the embryos excised from seeds treated 
with GA, for 2 months. 
Ea chilled stratification 
• warm stratification 
T T 
stratification's time in weeks 
Fig. 4. Growing intensity of the embryos, excised from seeds treated with GA3 , at 25 °C and 
illuminated with 10 000 Ix. Figure shows the size of the seedlings 3 days after the excision. 
cover ing t issues seems t o b e the p r i m a r y reason for the con t inuance of the d o r m a n c y 
a n d no t t h e weake r g rowing abil i ty o f the e m b r y o . This was c o r r o b o r a t e d by o u r 
histological obse rva t ions a s well. 
E f f e c t o f t h e G A 3 t r e a t m e n t o n t h e e n d o s p e r m s u r r o u n d i n g 
t h e e m b r y o 
A t the end of the 3 m o n t h s chi l led-strat i f icat ion the discharge and d issolu t ion 
of the e n d o s p e r m cells a r o u n d the radicle were observed (Fig. 5). Th i s change was 
no t observed fo r warm-st ra t i f ied and G A 3 t rea ted seeds even a f t e r 6 m o n t h s . Th i s 
di f ference is essential conce rn ing the cessat ion of the d o r m a n c y . 
In the in t e rup t ion of the d o r m a n c y the e x o g e n o u s gibberell in wou ld be effective 
if its role were d o u b l e in the Tilia plaiyphyllos s eeds : supply o f the e m b r y o wi th 
so luble n u t r i m e n t s a n d the s t imula t ion of the synthesis a n d / o r the activity of enzymes 
1 1 6 MARIA N A G Y , S Z E R 6 N P A T A K Y A N D A G N E S KERI 
Fig. 5. Effect of G A j treatment on the endosperm around the radicle. 
a) seed chilled-stratified for 3 months. x50. 
b) seed treated with GA3 and warm-stratified for 6 months, x!23 
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decreas ing the mechan ica l res is tance of tissues s u r r o u n d i n g the e m b r y o . As it is 
shown by o u r results , the e n h a n c e m e n t on the gibberell in level is no t en o u g h for the 
cessat ion of t h e d o r m a n c y of the Tilia seeds s ince it c an p r o m o t e on ly the n u t r i m e n t 
supp ly and t h e g r o w t h o f the e m b r y o . P r o b a b l y t h e e n h a n c e m e n t of the level o f 
o ther h o r m o n e s a re a l so requi red fo r the w e a k e n i n g o f the mechanica l res is tance o f 
the e n d o s p e r m . 
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Abs t rac t 
59 217 insects were collected by emergence traps in an ungrazed semi-natural grassland 
from 1976 to 1979 in the Kiskunság National Park ( "KNP" , Hungary). Qualitative and quanti-
tative relations of the material collected are discussed on order level. Summing up the four year 
results p. c. distribution of the fauna is as follows: Hymenoptera 23.9%; Homoptera 16.6%; 
Diptera 10.5%; Acari 7.7% and Coleoptera 5.3%. In average 6795 individuals per sq. m. were 
collected during whole season with A maximum of 11 875 ind. per m ! . The distribution, weather 
hazards, dependent fluctuation as well as the importance of constant and changing traps were 
also examined. In unfavourable dry periods the majority of animals could leave the area. Owing 
to good environmental conditions individuals having immigrated from surrounding pastures 
also survived. 39% of the individuals examined developed in deeper wind furrows. Diplopoda. 
Thysanoptera, Lepidoptera and Araneida groups prefer wind furrows while Orthoptera, 
Homoptera. Hymenoptera and Acari were mostly collected on sand dunes. This preference 
depends on the season, as well. The following seasonal maxima of the important orders were 
established: Orthoptera: early summer; Cicadinea: early and late summer; Lepidoptera: May-
June and August-September; Heteroptera: July. 
Introduct ion 
O n e of the m o s t character is t ical na tu r a l conse rvancy a reas of K i s k u n s á g N a t i o n a l 
P a r k ( K N P ) is the semi -na tu ra l g rass land in the n e i g h b o u r h o o d of K e c s k e m é t , 
Jakabszá l lás and Bugac. Th i s g razed grass land covers a b o u t 2000 ha a n d a smal ler 
p lo t was isolated fo r ecological inves t iga t ions a t the eas tern edge of it. 
T h e a rea consis ts of s a n d d u n e s a n d wind f u r r o w s tha t a re somet imes 2 m deep 
(Fig. 1 and 2) having different microcl imat ica l cond i t ions a n d p lan t commun i t i e s 
(KÖRMÖCZI, BODROGKÖZY and HORVÁTH, 1981). Sand d u n e s a re covered by Fes tu-
ce tum vag ina tae danub ia l e n o r m a l e , Potentillo-Festucetum pseudovinae danubiale 
euphorbietosuin seguerianae a n d its Bromus tectorum facies. In wind f u r r o w s (Fig. 2) 
Lolio-Potentilletum anserinae c an be found w i t h Festuca pseudovina facies ( B O D R O G -
KÖZY a n d F A R K A S , 1 9 8 1 ) . 
W e s u p p o s e t ha t t h e mos t i m p o r t a n t f ac to r fo r the knowledge of basic f a u n a is 
to invest igate t h e an ima l s hav ing deve loped a n d act ive in the s a m e area a l t h o u g h 
there a r e a lot of faunis t ic e l ements t ha t i m m i g r a t e f r o m a na tu r a l l andscape wi th 
sand d u n e s belonging t o K N P as well, f r o m a forest a t the edge of sampl ing a r e a or 
pe rhaps f r o m agr icul tura l lands . Th i s p a p e r is a qual i ta t ive a n d quant i ta t ive e l abo ra -
tion of the mater ia l collected fo r f o u r years a n d con ta in ing an imals hav ing developed 
in t h e investigation a rea . F u r t h e r e l abo ra t i ons a n d eva lua t ions a re d u e in the fu tu r e . 
Fig. 1. Ten emergence traps in the natural conservancy area of Kiskunság National Park 
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Fig. 2. Emergence traps on the light-coloured sand dunes and in the darker wind furrows. 
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T h e r e a r e several w o r k s on the f a u n a of typical Bugac a r e a (FRIDVALSZKY, 1892; 
B Í R Ó , 1 8 9 6 ; M Ó C Z Á R , 1 9 3 8 ; 1 9 4 2 ; 1 9 4 3 ; G O Z M Á N Y , 1 9 5 4 ; S Z E L É N Y I , 1 9 5 7 ; N A G Y , 
1 9 5 8 ; K I S - Ú J H E L Y Í , 1 9 6 5 ; T Ó T H , 1 9 6 7 ; S Z E L É N Y I - N A G Y - S Á R I N G E R . 1 9 7 4 ; P A P P , 
1975; VOJNITS, 1976). N o o t h e r w o r k has been m a d e in H u n g a r y with the m e t h o d s 
used in this w o r k wi th an except ion of MÓCZÁR and BÍRÓ (1980). 
Methods 
Emergence Irap was introduced by SOUTHWOOD (1971) and observed in 1955 in Central 
High Alps: Obergurg area. It is the most useful to collect insects developing in the soil and in 
the plant layer. Janetschek and coworkers (1977) used these traps to observe the fauna of meadows 
at different heights. The basic area of this trap is 50 by 50 cm. The collection space is isolated by 
black tulle on an iron frame. Traps were dig some centimeters into the soil. In the fourth year 
bronze nets were also used and no modifications were observed in the collected material. Col-
lecting vessels were in 60 cm height (Fig. 1, 2) and in the centre of the soil covered by emergence 
trap a Barber trap was placed. 50% ethylene glycol was used in both types of traps and were 
emptied in every month. Ten traps were used in every year from 28th April to 21st October 
in 1976, from 31st March to 3rd November in 1977, from 15th March to 16th November in 
1978 and from 15th March to 5th November in 1979, so altogether 580 samples were collected. 
Five traps were used permanently in the same place and five were transplanted in every month 
within an area of 25 m2. Traps were put in the deeper parts of the area with dense vegetation 
cover, too (Fig. 2). We used these two types of traps because the number of animals developing 
tn unit area could be estimated on the basis of the material of permanent traps and changing 
iraps collected the animals occuring in the trapped area. Differences between these two types 
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Fig. 3. Annual fluctuations in average number of important taxonomic groups. 
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were caused by the different life span of animals (depending on the role of predators, traps etc.) 
and the influence of surrounding areas (migration). Otherwise the effeciency of captures cannot 
be 100% because populations of certain species can avoide to get into the collecting solution 
(e.g. species with reduced locomotion activity). 
P. Ktszti and F. ACSAI helped in handling traps, collected materials were preserved and 
h a n d l e d b y A N N A FAZEKAS, a n d D r . GABRIELLA SZÓNYI-DOMOKI h e l p e d i n e v a l u a t i n g t h e c o l -
lection data. Authors are grateful for their valuable help. 
Taxonomical distribution of material collected 
T h e to ta l n u m b e r of spec imens collected in the 290 s a m p l e du r ing f o u r years 
was 59 257 (Tab le I). G r o u p s tha t have less t h a n 100 spec imens were no t eva lue t ed 
in the Tab l e I. T h e pe rcen tage d a t a o f t h e t a x o n o m i c g r o u p s in the T a b l e c o r r e s p o n d 
t o the to ta l n u m b e r of spec imens col lected d u r i n g the whole f o u r year pe r iod in t h e 
c o n s t a n t and c h a n g i n g t raps . T h e p.c. g r o u p d i s t r ibu t ion o f the total co l lec ted 
mater ia l can be seen in t h e last c o l u m n . T h e m o s t n u m e r o u s g r o u p s a r e : H y m e n o p -
t e r a : 14 981 specimens , 25.3% (mainly a n t s ) ; C o l l e m b o l a : 14 142 spec imens , 23 .88% 
a n d H o m o p t e r a : 9814 spec imens , 16.58% (mainly Aphids ) . T h e m a x i m u m n u m b e r 
o f a n t s is due t o immigra t ion in to the t r apped a r e a s . T h e high n u m b e r o f C o l l e m b o l a 
Table I. Annual distribution of mean number in collected material. 
1976 1977 1978 
c V c V c V 
N % N % N % N % N % N % 
Di 1 0.98 _ _ 15 14.71 13 12.75 26 25.49 35 34.31 
Co 2898 20.49 1631 11.53 2706 19.13 2789 19.72 1251 8.85 1208 8.54 
O 64 5.94 105 9.75 219 20.33 168 15.6 32 2.97 58 5.39 
Th 3 2.0 11 7.33 37 24.67 15 10.0 28 18.67 38 25.33 
Het 43 10.14 71 16.75 81 19.1 51 12.03 79 18.63 38 8.96 
Horn 854 8.7 269 2.74 4359 44.4 681 6.94 1746 17.78 487 4.96 
Col 206 6.59 529 16.92 670 21.43 537 17.17 340 10.87 364 11.64 
Lep 29 5.46 40 7.53 91 17.14 86 16.19 56 10.55 62 11.68 
Dipt 168 2.69 198 3.17 1254 20.09 1182 18.94 1175 18.82 1169 18.73 
Hym 2225 14.85 1152 7.69 2003 13.37 1675 11.18 1150 7.68 1635 10.91 
exc. Form 153 5.49 213 7.64 499 17.91 490 17.59 378 13.57 468 16.80 
Aran 79 6.78 111 9.53 174 14.93 193 16.57 130 11.16 137 11.76 
Acari 460 10.04 418 9.13 1403 30.63 757 16.52 712 15.54 578 12.62 
Gast 2 2.04 — — 1 1.02 4 4.08 19 19.4 61 62.24 
Isop — — 3 5.88 21 41.18 1 1.96 21 41.18 1 1.96 
Chil — — — — — — 1 16.67 4 66.66 — — 
Blat 8 11.59 4 5.8 5 7.25 13 18.84 23 33.33 11 15.94 
Mant — — 1 33.33 — — — — — — 1 33.33 
Plec — — 2 100.0 
Derm 1 100.0 
Psoc — — 1 50.0 1 50.0 — — — — 
Neur — — 3 42.85 — — — — 1 14.29 2 28.57 
Trich — — 1 100.0 — — — — — 
Inv 225 8.68 151 5.83 1581 61.0 335 12.92 12 0.46 17 0.66 
Others 9 20.0 6 13.34 14 31.11 14 31.11 — — 2 4.44 
Total 7275 60.72 4706 39.27 14 635 63.21 8516 36.78 6805 51.21 5904 48.87 
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1979 1976 -79 1976-79 
c V c v c + v 
N % N % 2TN % I N % r N 1% 
Di 3 2.94 9 8.82 45 44.12 57 55.88 102 0.17 
Co 296 2.1 1363 9.64 7151 50.57 6991 49.43 14142 23.88 
O 249 23.12 182 16.9 564 52.37 513 47.63 1077 1.82 
Th 8 5.33 10 6.67 76 50.67 74 49.33 150 0.25 
Het 25 5.9 36 8.49 228 53.77 196 46.23 424 0.72 
Horn 697 7.1 725 7.38 7656 77.98 2162 22.02 9818 16.58 
Col 183 5.85 289 9.53 1399 44.74 1728 55.26 3127 5.28 
Lep 55 10.36 112 21.09 231 43.5 300 56.5 531 0.90 
Dipt 437 7.00 659 10.56 3034 48.61 3208 51.39 6242 10.54 
Hym 2570 17.16 2571 17.16 7948 53.05 7033 46.95 14981 25.3 
exc. Form 220 7.89 364 13.07 1250 44.88 1535 55.11 2785 4.7 
Aran 148 12.7 193 16.57 531 45.58 634 54.42 1165 1.97 
Acari 138 3 01 115 2.51 2713 59.22 1868 40.78 4581 7.73 
Gast 1 1.02 10 10.2 23 23.47 75 76.53 98 0.17 
Isop — 4 7.84 42 82.35 9 17.65 51 0.09 
Chil — — 1 16.67 4 66.66 2 33.34 6 0.01 
Blat — — 5 7.25 36 52.17 33 47.83 69 0.11 
Mant 1 33.33 — 1 33.33 2 66.67 3 0.005 
Plec 2 100.0 2 0.003 
Derm — — 1 100.0 — — 1 0.001 
Psoc — — 1 50.0 1 50.0 2 0.003 
Neur 1 14.29 — — 2 28.57 5 71.43 7 0.012 
Trich — — — — — — 1 100.0 1 0.001 
Inv 89 3.43 182 7.02 1907 73.57 685 26.43 2592 4.38 
Others — — — — 23 51.11 22 48.89 45 0.075 
Total 4901 43.08 6475 56.92 33 616 56.76 25 601 43.23 59 217 100 
Table 2. Total annual number (N) and monthly average (x) of important taxonomic groups. 
Group 
1976 1977 1978 1979 
N X N X N X N X 
Gastropoda 2 0.33 5 0.71 80 10.0 11 1.375 
Diplopoda 1 0.17 28 4.0 61 7.625 12 1.5 
Collembola 4529 754.83 5495 785.0 2459 307.375 1659 207.375 
Orthoptera 169 28.17 387 55.28 90 11.25 431 53.875 
Thysanoptera 14 2.33 52 7.42 66 8.25 18 2.25 
Heteroptera 114 19.0 132 18.86 117 14.625 61 7.625 
Homoptera 1123 187.17 5040 720.0 2233 279.125 1422 177.75 
Coleóptera 735 122.5 1207 172.43 704 88.0 481 60.125 
Lepidoptera 69 11.5 177 25.28 118 14.75 167 20.875 
Díptera 366 61.0 2436 348.0 2344 293.0 1096 137.0 
Hymenoptera 3377 562.83 3678 525.43 2785 348.125 5141 642.625 
(exc Form.) 366 61.0 989 141.28 846 105.75 584 73.0 
Araneidea 190 31.67 367 52.43 267 33.375 341 42.625 
Acari 878 146.33 2160 308.57 1290 161.25 253 31.625 
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is r easonab le , their n u m b e r was m o r e than ten t imes h igher in sodic a r ea s (MÓCZÁR 
a n d BÍRÓ, 1980). 10.54 p.c. o f the basic f a u n a is Dip te ra (6942 indiv iduals ) 7 .73% 
(4581 spec imens) a r e Acar i a n d 5.28% (3127 spec imens) a r e C o l e o p t e r a . T h e n u m b e r 
of Aca r i is uncer ta in for technical reasons. W i t h the except ion o f A r a n e i d e a (1165 
spec imens . 1.97%) and O r t h o p t e r a (1077, 1.82%) the o ther g r o u p s r ep resen t less 
t h a n 1%. 
Since the invest igat ion per iods were d i f ferent for a m o r e exact c o m p a r i s o n the 
a n n u a l ave rage o f main g r o u p s is d e m o n s t r a t e d , as well in Tab l e II a n d Fig . 3 . 
Relations between climate and collected mater ia l 
T h e fol lowing 8 g r o u p s had the highest ave rage n u m b e r o f ind iv idua ls in 1977: 
C o l l e m b o l a , O r t h o p t e r a , H o m o p t e r a , C o l e o p t e r a , Lep idop te ra , D i p t e r a , A r a n e i d e a 
a n d Acar i . T h e mean t e m p e r a t u r e of the s ea son was the highest in t ha t year d u r i n g 
the invest igat ion pe r iod , 14.71 °C. T h e prec ip i ta t ion was 258 m m a n d it was very 
low c o m p a r i n g wi th the average (343 m m ) . T h e r e were semiar id c o n d i t i o n s in Ju ly 
(F ig . 4) and there was a sho r t age o f prec ip i ta t ion a lso in spr ing and a u t u m n . T h i s 
c l imate is a d v a n t a g e o u s fo r the deve )ment of a b o v e men t ioned g roups . 
monthly average 
average of many 
years 
Fig. 4. Monthly average temperature and precipitation in the investigation period. 
Five g r o u p s had the highest average in 1978: G a s t r o p o d a , T h y s a n o p t e r a , 
I so p o d a and Blat to idea (Tab le I). In tha t year t h e mean t e m p e r a t u r e w a s 14.08 ° C , 
so fell be tween 1977 and 1979 average but the prec ip i ta t ion was unusua l ly high in 
sp r ing and s u m m e r , it reached 491 m m in the g rowing season tha t is 100 m m higher 
t h a n the m a n y year average . Since the highest precipi ta t ion was in July and A u g u s t 
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it was especially advantageous for the vegetat ion. This is the reason of the high 
a m o u n t of hygrophile animals . 
Only Heteroptera had a max imum in 1976. Precipitation was 276 m m , 22 m m 
less than the average of many years and especially May and Augus t were poor in 
precipitat ion. Average tempera ture was relatively low. 
Hymenopte ra was the only order having max imum in 1979. Average t empera tu re 
of growing season was a little lower t han in o ther years, 13.85 °C. Precipitat ion 
was 57 m m less than the average but it concentra ted to the summer period. T h e 
water shor tage in spring caused a two week delay in the development of the vegetation. 
N o t considering an t s because of their special way of life, the number of collected 
individuals belonging to o ther Hymenop te ra groups (mainly Terebrantes) was 
2785 and it means maximum in the relation of the four years. 
Upper and lower traps 
O n the basis of four year da ta D i p l o p o d a , Col lembola , Or thop te ra and Acari 
were in greater propor t ion in Barber t raps while the percentage ratio of Thysanopte ra , 
Homop te ra , Coleoptera , Lepidoptera and Diptera was higher in the upper t raps. 
The quant i ty of Araneidea was a lmost the same in both types of traps (50.21 and 
49.79% respectively) (Table 3.). 
T h e details a re not so unambigous . In the constant traps 51.22% was collected 
by the lower and only 48.78% by the upper traps. In the changing t raps 48.58% 
was collected by the lower and 51.42% in the upper traps. T h e major i ty of H y m e n o p -
tera were in the lower traps because of the high propor t ion of ants . Major i ty of 
Heteroptera species was expected in the upper traps but their 57.08 percentage 
was represented in the lower t raps and only 42.92% was collected in the upper traps 
so they were active mostly on the surface of soil and not on the vegetation. 
There a re some cont radic tory cases in the annua l data , e.g. in 1977 only 36% 
of Dip lopoda was collected in the lower a n d 64% in the upper traps. In 1976 and 1978 
only 37-42% of the Homopte ra was in the upper, 63-58% in the lower t rap . It is 
obvious both in the global 4-year result and in the results of the upper and the lower 
traps respectively. T h e smaller a m o u n t appeared in the constant lower (41%), and 
in the changingupper t raps (48%). The bigger a m o u n t of the Homopte ra appeared 
in the cons tan tupper (58%), and in the changing-lower traps (52%). It is obvious that 
the an imals got into the t raps set oppos i te to their living places when trying to escape. 
The contradic tory phenomena ment ioned above a re the consequences of the fact 
that the number of species of the listed t axonomic categories are too big, the popula-
tions belong to different types of way of living. Only the accurate examinat ion of 
these and the clarification to the species will lead to satisfactory results. 
The constant and the changing traps 
If we examine the last line of Tab le I where we summed the hived animals 
regardless to their p roper t axonomic place, it will be clear that both in the global 
results of the 4 years (56.76%) and in the years 1976, 1977, 1978 (60.72%, 63.21%, 
51.21%) the bigger a m o u n t was collected in the constant t rap, while in 1979 the 
situation was jus t the oppos i te : only 43.08% of the animals got to the cons tan t t rap, 
the others (56.92%) got to the changing one . 
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Table 3. P. c. distribution between upper and lower traps. 
Group 1976 1977 1978 1979 1976-79 ¿T 













































































































































A s regards ihe global n u m b e r of spec imens there were m o r e ent i t ies of 7 t axo -
n o m i c ca tegor ies in the cons t an t t raps , than in the chang ing ones . T h e s e a r e : t h e 
C o l e ó p t e r a . O r t h o p t e r a , T h y s a n o p t e r a , He te rop te ra , H o m o p t e r a , H y m e n o p t e r a , a n d 
Acar i . In the chang ing t raps the fol lowing 5 ca tegor ies were represen ted in b igger 
n u m b e r : D i p l o p o d a , C o l e ó p t e r a , Lep idop te ra , D ip te ra , and A r a n e i d a . Besides the 
d i f ferences of the percen tages of the s ame g r o u p s be tween the c o n s t a n t a n d the 
c h a n g i n g t raps a r e no t t o o s ignif icant , fo r e x a m p l e : C o l l e m b o l a , T h y s a n o p t e r a , 
D ip t e r a ( C : V ) 2 % ; O r t h o p t e r a 4 % ; H y m e n o p t e r a 7 % ; He t e rop t e r a a n d A r a n e i d a 
8 % ; C o l e o p t e r a 10%; D i p l o p o d a 12%; Lep idop te ra 13%; Acar i 18%. It seems t h a t 
a cco rd ing t o the 4-year g lobal d a t a the s epa ra t i on has n o signif icance. O n l y t h e 
H o m o p t e r a ' s presence is s igni f icant : there were 56% m o r e in the c o n s t a n t t r a p s t h a n 
in t h e chang ing ones (77.98:22.2%). T h e possibly reason of this m u s t be t h e q u i c k 
increase in the n u m b e r of the aph ids . In the c o n s t a n t t r a p a s a sealed space — d u r i n g 
several m o n t h s — their n u m b e r can quickly g r o w in sp i te o f the fact t ha t t hose 
which h a d go t t o the des t roy ing liquid were removed a t the m o n t h l y e m p t y i n g s . 
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but those which remained alive under the net could cont inue to multiplicate. However 
the animals always spread f rom the changing traps a f te r a month . 
If we look a t the annua l da ta , the differences a re greater, there a re even cont ra-
dictory results. Where the 4-year global number was bigger in the cons tan t t rap, 
generally the changing t rap caught more animals in two years. This fact may explain 
the relatively smal l differences of the 4-year results mentioned above by it. Fo r 
example the He te rop te r a : 
1977=cons t . 61 .36%: chang. 38.63% 1976 = c h a n g . 62.28%: const . 37.71% 
1978=cons t . 67.52%: chang. 32.47% 1979 = chang. 59.01%: const . 40.98%. 
Relations of abundancv 
The data reduced to specimen/m 2 are in Table IV. If we add up the number of 
entities caught by the cons tan t t raps, we get how many animals develop minimally 
f rom the g roup in quest ion on a given area (1 m2). So the annua l s u m m a r y is impor-
tant here. In the case of the changing t rap, when it is put to a new place, the results 
can be decisively different because of the animals having already been there, and 
because of the eggs laid meanwhile. Besides, we must not ignore the free im- and 
outmigrat ion before the translocation and the intense predat ion. If for example the 
migration is ra ther insignificant, the predat ion will be the main reason for the dif-
ferences. If the immigrat ion is intense o r more generations a re developing because 
of fur ther egg laying, the number of individuals will be greater in the changing than 
in the cons tan t t rap . If the outmigra t ion is more intense, the number of individuals 
will be greater in the cons tan t t r ap than in the changing one. The data of the changing 
traps can be closer to real condi t ions , i.e. the reflect the a m o u n t of the popula t ions 
that can be found and can survive on the area . 
Accord ing to the constant separators a 4-year average of entities developing per 
m2 are 6795 individuals. This a m o u n t varies year by year, the max imum, 11 875 
was in the dry year of 1977 (Table IV). T h e M a y peak of the Collembola (918 p /m 2 ) 
and the high n u m b e r of entities of the Homopte ra in June-Ju ly (930 and 1266 p /m 2 ) 
contr ibutes to this large number . T h e a m o u n t of the Hymenopte ra (1602), the Acari 
(1122) and the Diptera is a lso significant. T h e 1976 da tum (5842 p/m2) approaches the 
average, most while the number of animals per area has decreased since 1978 (5499 
and 3963) specimens. This decrease is caused by the strong decrease of the Col lembola 
( f rom 1001 to 237), the H o m o p t e r a ( f rom 1397 to 558), the Diptera ( f rom 940 to 349) 
and the Acar i ( f rom 570 to 110). T h e a m o u n t of the Hymenoptera ( f rom 920 to 
2056) and the Or thop te ra ( f rom 26 to 199) however increased. The major i ty of the 
an imals grow till Augus t . 
F r o m the connect ion between the cons tan t and the changing t raps we can draw 
a conclusion how the condi t ions of the areas in each year p romoted the survival of 
the animals , when the mortal i ty and migrat ion were higher and how each g r o u p was 
influenced by them. The greatest difference between the traps was in 1977: under the 
changing t raps we could find only half of the number found under the cons tan t ones. 
In spite of the fact that the number of growing animals was the highest here, most 
of them possibly left the ares because of the d raughty weather . 
It is obvious in the case of the H o m o p t e r a . In 1978 however the difference was 
very small , the p ropor t ion even shifted in favour of the changing t raps in special 
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cases, because of favourab le rainy weather . So n o t only the survival of g rowing 
insects is for sure , but also the entities arr iving f r o m the sur rounding pas tures can 
find the condi t ions necessary to their existence. 
Distribution according to space levels 
The examined area can be distr ibuted into two levels: the sand d u n e with 
higher, dryer microcl imate and the lower, wet windfu r row. T h e fauna of the space 
levels, the n u m b e r of growing entities on a unit a rea are possibly different because of 
different na tura l condi t ions , vegetation cover and phytocenosis . A l t h o u g h we 
d idn ' t get to analysis according to species, it seems practical to ment ion the differences 
found in the case of each g roup (Table V). Since the traps have been set up on bo th 
levels only f r o m 1977, the da t a of 1976 a re hot shown in this Table. 
Examining the global da ta of constant t r aps it can be s ta ted tha t 39% of the 
examined A r t h r o p o d a were growing in the windfur row, as regards the average of 
3 years. I t is different in each g r o u p of course. For example the Co l l embola , the 
Heteroptera the Coleoptera and the Diptera a re approximately dis t r ibuted equally 
between the two levels. The D ip lopoda , the Thysanop te ra , the Lepidoptera and the 
Araneidea prefer the wind- fu r row, while the Or thop te ra , the H o m o p t e r a , the H y m e n o -
ptera and the Acar i orders prefer the sand dunes . T h e meteorological fac tors can 
change the exact numerical ratios, what can be illustrated by the da t a of the rainy 1978. 
The data coming f rom the changing t raps show different p ropor t ions . T h e 
p ropor t ion of the individuals of the Hymenop te ra a n d the Acar i moving in the wind-
fu r rows increased, it did not change in the case of the D ip lopoda , O r t h o p t e r a , H o m o -
p te ra , Coleopte ra , Dip te ra and Arane ida ; and decreased in the cases of the Col lem-
bola , Thysanop te ra , Hete rop te ra , and Lepidoptera orders. O n an annua l average 
Hymenop te ra and Acar ida growing in the sand dunes willingly make use of wind-
furrows, while the Col lembola , Thysanopte ra , Heteroptera and Lepidoptera g rowing 
in wind-fur rows prefer sand dunes. I t does no t mean however tha t the o the r p o p u l a -
t ions remain in their place of development dur ing the whole year, because they can 
also react seasonally to the changes of condi t ions with migra t ion, and significant 
deviation f rom the average can be observed in bo th directions. 
T h e Arane ida which generally prefer the wind- fu r row, prefer the sand d u n e in 
spr ing and at the beginning of summer , while in the end of s u m m e r the p r o p o r t i o n 
shifts in favour of the wind- fur row. The Acar ida behave similarly. T h e spr ing 
peak of the Or thop te ra propula t ions is in the sand dune, in summer the ma jo r i t y 
prefer the wind- fur row, while in au tumn they domina te in the sand d u n a again . 
T h e same type of dynamics can be recognised in the case of the Col lembola . M o r e 
Dip te ra appea r in the windfu r row in spring, in summer the difference is ba lanced , 
while in the a u t u m n of 1979 there were more of t hem in the sand dunes. T h e d r a u g h t -
resistance and the need of the Heteroptera fo rwarm are shown by the fact t ha t d o u b l e 
peak appea r on bo th levels, but the mid-summer decrease is smaller in the sand 
dune than in the wind- fur row, i.e. the p ropor t ion is shifted in favour of the higher 
space level. 
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1 3 8 I. MOCZAR A N D G Y . G Y O R F F Y 
The seasonal dynamics of the main groups 
Although the mosaic-complex character of the area could allow to discuss the 
seasonal dynamics according to space levels respectively, we d o n ' t aim to cons ider 
it in the present paper, as above we have ment ioned the significance of the space 
levels in the development of the groups, and we saw the difference in the a m o u n t 
of insects growing by unit areas . O n the o ther hand in connect ion with the g r o u p 
approach we can suppose that a l though the levels harshly differ as regards the n u m b e r 
of an imals growing there, probably these an imals d o not spend all their life on the 
same level, i.e they can make use of either the sand dune o r the wind- fur row. This 
explains our interaction to examine the area as a whole. 
A m o n g the phytophages the Or thop te ra a re salient as regards their significance. 
It is the first herb ivorous g roup because of the biomass, if not because of its n u m b e r 
of entities (Table IV). (GALLE et al.. 1981). Its seasonal dynamics shows a high peak , 
which is always in early summer in each of the 4 years (Fig. 5). It is because of the 
larvae growing mainly then. They proliferate mainly in rainless, dry years ; the densi ty 
can be 2 - 3 times higher than that of the rainy years ' da ta . Af te r the M a y - J u n e peak 
their number decreases rapidly. 
A m o n g the phytophages the Homopte ra order has the biggest n u m b e r of 
entities. Its seasonal dynamics is not so definite as the Or thop te ra ' s , because this 
order is ra ther homogeneous . Al though the s teady and numerous presence of the 
aph ids is not characterist ic for the area , they cause the high number of specimens 
under the cons tan t t raps. It is clear, that a l though aphids can grow in the a rea , their 
major i ty leaves this living place (Fig. 6). The da t a of the changing t raps c o n t a i n 
mainly the members of the Cicadina suborder . In every year a two-peaked curve can 
ON T H E F A U N A O F T H E S A N D Y SOIL G R A S S L A N D A T B U G AC 1 3 9 
Fig. 6. Seasonal dynamics of Homopiera. 
Lepidoptera 
Fig. 7. Seasonal dynamics of Lepidoptera. 
be o b s e r v e d . T h e first , general ly the h igher peak fal ls on the la te sp r ing , early 
s u m m e r pe r i od , and t h e second o n e fal ls on la te s u m m e r . 
W e can a l so find a r a the r def ini te d y n a m i s m in the case o f the Lep idop te ra in 
the examined years . I ts peak o f flight is in M a y - J u n e and A u g u s t - S e p t e m b e r (Fig. 7). 
T h e dens i ty of ind iv idua ls was a lmos t the s a m e du r ing the 3 years . 
Homoptera 
140 L. MOCZAR AND GY. GYORFFY 
T h e Hete rop te ra ' s densi ty is similar (Fig. 8). The aphids are act ive mainly 
in s u m m e r . 
Neither the n u m b e r of the Heteroptera nor that of the Thysanop te ra is so high 
that definite t rends could be separated (Fig 9). 
Thysanoptera 
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Fig. 11. Seasonal dynamics of Diptera. 
T h e a m o u n t of the C o l e o p t e r a w a s m o r e signif icant in the first t w o years , b u t t h e 
dens i ty in 1978-1979 decreased t o half o f t h e or ig inal a m o u n t (Fig. 10). T h e m o s t 
poss ib le reason f o r this is t h a t a f t e r graz ing the Scarabae idae species g radua l ly 
d i sappea r s f r o m the a rea . T h a t ' s w h y the p rev ious definite p e a k o f the n u m b e r o f 
ind iv idua ls became indist inct o r sh i f t ed t o s u m m e r (1978) o r c h a n g e d in to a cu rve 
wi th t w o p e a k s (1979). 
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T h e Dip te ra order — the number of species of which is rather high-is represented 
by very heterogeneous popula t ions as regards nutrit ion biology. Th is might cause 
the g roup ' s different behaviour considering seasonal dynamics (Fig. 11). Its n u m b e r 
of individuals generally reaches the peak in summer (June-July) , bu t in 1972 there 
was a second peak in late a u t u m n . The reason for the low density in 1976 might be 
the fact that the area freed f rom graze had not reached the appeal of the next years, 
more characteristical phytocenosis that ensured the mobile Diptera popu la t i ons of the 
su r round ing areas. 
On the o ther hand the more favourable possibilities of deve lopment that appea red 
in 1976 have made their effect felt only f rom the next years. It seems that the boom 
of the star t develops towards a s ta te of balance, and in 1979 it reaches the d o u b l e 
of the density of the first year. T h e accura te examinat ion of all these is cer ta inly 
possible only af ter the classification to the species and the evaluat ion of popu la t ions 
respectively. 
T h e seasonal dynamics of the H y m e n o p t e r a is determined by the Formico idea 
(Fig. 12). I ts peak is in June -Augus t . T h e other Hymenop te ra — which a re the 
0 .1-0.2 pa r t of the whole — d o not show such great oscillation. Genera l ly there is 
a June and a Sep tember -Oc tober peak in the number of individuals, but the re was 
no s u m m e r decline in 1978, because this year had a steady climate, a n d the peak 
lasted f r o m July to September . 
T h e seasonal dynamics of the spiders (Fig. 13) was ra ther var ious du r ing the 
4 years. General ly we found the min imum of density in the warmes t mon ths , if 
fol lowed by d raugh t . BALOGH and LOKSA ( 1 9 4 8 ) a lso found the min imum in A u g u s t 










Fig . 12. S e a s o n a l d y n a m i c s of H y m e n o p t e r a . 
Hymenoptera 
1 
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Araneidea 
Collembola 
Fig. 14. Seasonal dynamics of Collembola. 
FARKAS s ta t ed (1978) t ha t the seasona l d y n a m i c s shows a s a tu ra t ion curve wi th a 
smal l s u m m e r decline. 
T h e fewest o f the decompose r C o l l e m b o l a go t to the t r aps in the w a r m s u m m e r 
m o n t h s (F ig . 14). In 1978 however it reached an Augus t peak because of t h e ra iny 
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Acari 
Fig. 15. Seasonal dynamics of Acari. 
wea the r . It is very difficult to find seasona l t r ends in the behav iou r o f t h e g r o u p 
because it m a y comple te ly differ in t h e case o f each species. 
In the case of the Acar i a def ini te , regular d y n a m i c s c a n n o t be f o u n d (F ig . 15). 
T h e dens i ty o f 1977 — a b o u t 300 p / m 2 — w a s decreas ing rapid ly till 1979, s o t h e 
s ignif icance of the Acar i — at least t h a t of those , which move in t h e vege ta t ion a n d 
on the soil su r f ace — c o n t i n u o u s l y declines. 
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Abs t rac t 
The author gives a survey of the historical anthropological collection of the Department of 
Anthropology of the University in Szeged. Tables present the findings distributed according to 
sexes, from different findspots enumerating the authors of different series. 
He mentions that the collection is based on 8700 findings, completed by further some 2000 
findings, earlier stored in Budapest, in the Anthropological Collection of the Museum of Natural 
Sciences. Further additional 2000 findings are at present under registration. 
The findings have so far been evaluated primarily from taxonomical point of view. At 
present, mainly the scientific evaluation of the palaeopathological deformations has come into 
spotlight. 
As to the size of the historical anthropological collection, it is to be considered as the 5th-
6th largest collection in Europe. 
Key words: historical anthropology, collection. 
T h e D e p a r t m e n t of A n t h r o p o l o g y was es tabl i shed a t the Univers i ty of Szeged 
in 1940. Its first cha i rho lde r P ro fes so r was L a j o s Bar tucz till 1959 w h o s tud ied 
several fields o f the a n t h r o p o l o g y . In the first th i rd o f the cen tury , he pub l i shed 
valuable resul ts a b o u t the physical d e v e l o p m e n t of the H u n g a r i a n chi ldren , a b o u t 
the charac ter i s t ics of the a d u l t p o p u l a t i o n — pr imar i ly the e thnical g r o u p s in t h e 
G r e a t H u n g a r i a n Pla in a n d T r a n s d a n u b i a — bu t the main field of his research 
work w a s the his tor ical a n t h r o p o l o g y . A r o u n d 1930 t h e ske le tons o f several — ma in ly 
prehis tor ic — cemeter ies , excavated by FERENC MÓRA in the n e i g h b o u r h o o d of Szeged 
(Sou thern H u n g a r y ) were a t last d isp layed a f t e r several r emova l s in the D e p a r t m e n t 
of A n t h r o p o l o g y o f t h e Univers i ty in Szeged. 
This p rov ided the basis o f the col lec t ion which h a s con t inua l ly increased du r ing 
the last t h r ee decades , first of all a s a resul t o f the excava t ions of the researchers 
of the D e p a r t m e n t , and those o f t h e a rchaeolog is t s o f the m u s e u m s o f Szeged a n d 
of the S o u t h o f t h e H u n g a r i a n G r e a t Plain (OTTÓ TROGMAYER, MIHÁLY KŐHEGYI, 
KATALIN N A G Y , ELVIRA H . T Ó T H e t c . ) . 
On the col lec t ion accord ing t o a rchaeo log ica l pe r iods a survey was pub l i shed 
by ANTÓNIA MARCSIK in 1977 (MARCSIK, 1977). T a b l e 1 s h o w s the p resen t -day 
s i tua t ion . 
It t u rns ou t t ha t the oldest ske le tons of the col lec t ion der ive f rom the neol i th ic 
per iod , f r o m the beginning of which , the D e p a r t m e n t has an th ropo log ica l findings 
pract ical ly f r o m each per iod . 
T h e col lect ion consis ts a t p resen t 8700 findings the d i s t r ibu t ion of which acco rd -
ing to a rchaeo log ica l per iods is: p reh i s to r ic per iod 1159, Mig ra t ion per iod 4251, 
Hunga r i an c o n q u e s t 278, A r p a d i a n - a g e 1834, Middle -Ages 1045, while the findspot 
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Table I. The distribution of historical anthropological collection of the University Szeged 
according to the archaeological periods 
Archaeological Ages The number of finds % 
The number of 
findspots % 
Neolithic 71 0.82 21 5.4 
Copper Age 127 1.46 16 4.1 
Bronze Age 885 10.17 23 5.9 
Iron Age 76 0.76 10 2.6 
Sarmatian Age 487 5.60 46 1 1.8 
4th-5-th Centuries 297 3.41 19 4.9 
Avarian period 3467 39.85 101 25.9 
10th Century 278 3.20 38 9.7 
10th-11 th Centuries 258 2.97 12 3.1 
Arpadian Age 1576 18.11 29 7.4 
Middle Ages 1045 12.01 43 11.0 
Unknown 133 1.53 32 8.2 
Together: 8700 100.00 390 100.00 
o f 133 finds is u n k n o w n . T h e s e figures, howeve r , d o n o t con t a in the total n u m b e r 
of the ske le tons a c c u m u l a t e d a t the D e p a r t m e n t , as the findings of the recent excava-
t ions ( a n o t h e r s o m e 2000 ske le tons ) a r e being o r will be c leaned a n d regis t ra ted . 
Th i s col lect ion was c o m p l e t e d , by acqu i r ing s o m e f u r t h e r 2000 findings in the 
last decade hav ing been s tored in Budapes t , in the A n t h r o p o l o g i c a l Co l l ec t ion o f 
the M u s e u m of N a t u r a l Sciences. 
So the his tor ical a n t h r o p o l o g i c a l col lect ion cons is t s , t he r e fo re , of m o r e t h a n 
12 t h o u s a n d f indings. A s a m a t t e r of fac t , it migh t t a k e t h e 5 t h - 6 t h place a m o n g t h e 
mos t cons iderab le col lec t ions in E u r o p e . 
T h e n u m b e r of ske le tons f rom the A v a r p e r i o d (39.9 p.c) is cons ide rab l e b u t 
t h e col lect ion con ta in s n u m e r o u s skele tons f r o m the A r p a d i a n age as well (in H u n -
gar ian h i s to ry : 897 -1301 : 18.1 p.c) , the Midd le Ages (12.0 p.c) , a n d the Bronze A g e 
(10.2 p.c). 
390 of the 8700 f indings der ive f r o m findspots in S o u t h e r n H u n g a r y . But no t all 
the ske le tons excava ted in the men t ioned area , we re e n u m e r a t e d into the co l l ec t ion . 
F ind ings f r o m the A v a r per iod (25.9 p.c), as well as t hose f r o m the S a r m a t i a n a g e 
(11.8 p.c) a n d f r o m the M i d d l e Ages (11.0 p .c ) a re represen ted in the h ighes t r a t io 
accord ing t o findspots. 
As h a s a l ready been m e n t i o n e d Professor LAJOS BARTUCZ began the scient i f ic 
survey of findings, w h o publ i shed more than 250 scientific p a p e r s ; several o f t h e m 
o n his tor ical a n t h r o p o l o g y . F r o m 1960 till 1980, the head o f the D e p a r t m e n t was 
PÁL LIPTÁK, w h o s imilar ly s tud ied historical a n t h r o p o l o g y . His interest w a s pr i -
mar i ly d i rec ted to the findings o f the A v a r pe r iod a n d o f the age o f H u n g a r i a n 
c o n q u e s t (last years of the 9th cen tu ry) , a s well a s t o the p r o b l e m s of t h e H u n g a r i a n 
p reh i s to ry . His c o - w o r k e r s — t h e a u t h o r o f this p a p e r — as well a s his s t u d e n t s 
(ANTÓNIA MARCSIK, EDITH LOTTERHOF. KÁROLY VÁMOS, IMRE VARGA) a l s o p a r t i -
cipated in surveying . O w i n g t o this the descr ip t ion of 4204 of the 8700 ske le tons h a s 
been pub l i shed in de ta i l . 
T h e condi t ion of t h e findings is very d i f fe ren t . T h a t o f t hose f rom t h e p re -
his tory m a y be cons ide red g o o d . O n the o ther h a n d — d u e t o t h e way o f excava t ion 
in the first th i rd o f o u r c en tu ry (rescuing o n l y the well preserved a d u l t c r a n i a ) 
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— tha t ' s why the a n t h r o p o l o g i c a l series o f cemeret ies a r en ' t c o m p l e t e a n d conse-
quent ly , pract ical ly unsu i t ab le fo r d r a w i n g pa leodemograph ica l conc lus ions . At 
the s a m e t ime, the prehis tor ic f indings o r ig ina t ing f r o m recent excava t ions , like fo r 
instance t hose f r o m T á p é , a r e f r a g m e n t a r y . 
T h e s t a t e of preserva t ion o f t h e findings f r o m the Sa rma t i an age m a y be con -
sidered the wors t . Th i s m u s t be d u e t o the d i s a r r a n g e m e n t of these graves s o o n a f t e r 
the bur ia l . F o r t u n a t e l y , however , the G e p i d , A v a r skele tons and those f r o m H u n -
gar ian c o n q u e s t and par t icu lar ly f r o m the A r p a d i a n age — excavated mos t ly in the 
Table 2. Finds published in detail. — Prehistoric Age. 
Findspots Archaeological Ages 
The name of author, 







Békés-Povádzug Neolithic L I P T Á K - F A R K A S , 
1 
1 9 6 7 4 2 — 
Deszk Neolithic L I P T Á K , 1 9 7 4 / 7 5 — 2 — — 
•VajSka-Baba-Sivac Late Neolithic FARKAS, 1 9 7 3 1 3 
Vésztő-Mágori mound Neolithic FARKAS. 1 9 7 4 4 3 — — 
Balmazújváros- Copper Age 
Árkusmajor (tumulus) MARCSIK, 1 9 7 9 1 — — — 
Csongrád-Kettősha-
lom-Bárdos farm Copper Age MARCSIK, 1 9 7 1 / 7 2 1 — — 
Debrecen- Basahalom Copper Age M A R C S I K . 1979 2 — — — 
(tumulus) 
Debrecen-Dunahalom Copper Age MARCSIK, 1 9 7 9 1 — — — 
(tumulus) 
Debrecen - Copper Age MARCSIK, 1 9 7 9 — 1 — — 
Halászlaponyag (tumulus) 
Dévaványa-Barcéhalom Copper Age M A R C S I K , 1 9 7 9 1 — — — 
(tumulus) 
Dévaványa Csordajárás Copper Age MARCSIK, 1 9 7 9 — — 3 — 
(tumulus) 
Kétegyháza Copper Age MARCSIK, 1 9 7 9 3 2 3 — 
(tumulus) 
Magyarhomoróg Copper Age FARKAS, 1 9 7 6 17 15 7 9 
Kónyadomb 
•Nosza-Gyöngypart Copper Age FARKAS, 1 9 7 3 6 2 — — 
Sárrétudvari- Copper Age MARCSIK, 1 9 7 9 — 1 — — 
Balázshalom (tumulus) 
Battonya Early Bronze Age F A R K A S - L I P T Á K , 11 13 2 5 10 
1 9 6 8 
•Mokrin Early Bronze Age FARKAS-LIPTÁK, 8 2 9 2 6 1 2 
1 9 7 2 
L E N G Y E L - F A R K A S , 
1 9 7 2 
Pitvaros Early Bronze Age FARKAS, 1971 6 7 1 — 
Tápé Charcoal-burning Late Bronze Age F A R K A S - L I P T Á K . 1 8 6 1 5 9 162 72 
site 1 9 7 1 
F A R K A S - L I P T Á K , 
1 9 7 5 
•Gomolava Iron Age F A R K A S - M A R C S I K , 7 18 51 — 
1 9 7 6 
1 T o g e t h e r : 3 3 3 3 2 0 3 1 3 9 3 
• F i n d s f r o m V o i v o d s h i p ( N o r t h - J u g o s l a v i a ) 
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Table 3. Finds published in detail. — Migration Period. 
Findspots Archaeological Ages 
The name of author, 







Hódmezővásárhely- Sarmatian Age B A R T U C Z , 1 9 6 1 8 8 5 — 
Fehértó 
1 Madaras-Hillocks Sarmatian Age MARCSIK, 1 9 7 4 — — — 
Mélykút-Sáncdűlő Sarmatian Age F A R K A S - L E N G Y E L -
MARCSIK, 1971 — 1 — — 
Püspökladány- Sarmatian Age MARCSIK, 1 9 7 4 3 2 1 — 
Görepart 
1 Szentes-Kistőke Sarmatian Age B A R T U C Z , 1 9 6 1 5 4 — 
Kiszombor Gépid B A R T U C Z , 1 9 3 6 3 8 18 6 1 
L I P T Á K - M A R C S I K , 
1 9 7 7 
•Subotica Migration Period FARKAS, 1 9 7 3 — 1 — — 
•Ada Migration Period FARKAS, 1 9 7 3 I — — — 
Biharkeresztes-Ártánd 4th-5th Centuries L I P T Á K - M A R C S I K , 4 5 1 — 
1 9 7 7 
•Adorján Avarian Period B A R T U C Z - F A R K A S , 
I 0 S 7 
50 3 5 14 — 
•Baőka-Topola Avarian Period 
I yj 1 
FARKAS, 1 9 7 3 1 1 — — 
Biharkeresztes-Toldi 5th-6th Centuries L I P T Á K - M A R C S I K , 3 4 — — 
lane 1 9 7 7 
Fehértó-A. Avarian Period L I P T Á K - V Á M O S , 8 9 8 8 25 2 
1 9 6 9 
Kunszállás Avarian Period L I P T Á K - V A R G A , 11 17 22 — 
1 9 7 1 / 7 2 
Madaras-Briek-Works Avarian Period LIPTÁK-MTCSIK 2 4 3 4 3 0 — 
1 9 7 6 
Mélykút-Sáncdűlő Avarian Period F A R K A S - L E N G Y E L - 15 22 12 — 
M A R C S I K , 1971 
M A R C S I K , 1 9 7 1 
Rákóczifalva- Avarian Period L I P T Á K - M A R C S I K , 18 17 8 — 
Kastélydomb 1 9 7 5 
Sükösd-Ságod Avarian Period KŐHEGYI-MARCSIK, 41 6 8 56 — 
1971 
Szabadszállás-Boczka Avarian Period L I P T Á K , 1 9 7 2 1 — — — 
farm 
Szarvas-Kákapuszta- Avarian Period L I P T Á K - M A R C S I K , 16 9 11 — 
Double-hillock 1970/71 
Szeged-Kundomb Avarian Period L I P T Á K - M A R C S I K , 62 76 3 3 5 
Szeged-Makkoserdő Avarian Period 
1700 
VÁMOS, 1 9 7 3 57 45 41 9 
Szentes-Kaján Avarian Period BARTUCZ, 1 9 5 8 4 3 26 — — 
Szekszárd-Palánkpuszta Avarian Period LIPTÁK, 1 9 7 4 4 8 55 27 6 
T o g e t h e r : 5 3 8 537 293 24 
* Finds from Voivodship (North-Jugoslavia). 
recent decades by a rchaeo log i s t s of M u s e u m s a n d par t ly by those of o u r D e p a r t -
m e n t — h a v e r ema ined in a very g o o d s t a t e o f p rese rva t ion . 
T h e p reh i s to r ic findings o f t h e col lect ion — w i t h the except ion o f the ins ignif icant 
n u m b e r o f ske le tons der iv ing f r o m recent excava t ions — a r e descr ibed in t h e f r a m e -
w o r k o f a la rger w o r k . S o m e detai ls a n d the m a i n exper iences of this h a v e a l r eady 
been pub l i shed in var ious j ou rna l s . T h e findings f r o m findpots in N o r t h e r n J u g o -
O N T H E H I S T O R I C A L A N T H R O P O L O G I C A L C O L L E C T I O N O F T H E U N I V E R S I T Y 1 5 1 
slavia , l ike t hose f r o m Vajgka , N o s z a , M o k r i n , G o m o l a v a , a r e a l so connec t ed wi th 
these. T h e sexua l d i s t r ibu t ion of the ske le tons of the s tudied preh is to r ica l findings 
a n d findspots is s h o w n in T a b l e 2. 
T h e n u m b e r of the pub l i shed findings on the Mig ra t ion pe r iod is a l so very 
cons ide rab le (1392), d a t i n g back p r imar i ly t o the Sarmat ian age a n d A v a r pe r iod 
(Tab le 3). 
128 ske le tons f r o m the H u n g a r i a n c o n q u e s t a r e s imilar ly publ i shed (Tab le 4) , 
a s well as 1779 finds f r o m t h e A r p a d i a n age and the Midd le Ages (Tab le 5). 
Ti l l 1960 the eva lua t ion of findings had been sporad ica l ly p e r f o r m e d — bu t a f t e r 
t ha t c o n s e q u e n t l y — a c c o r d i n g t o s imi lar m e t r i c a n d m o r p h o l o g i c a l p r o g r a m m e s , 
in o r d e r t o fac i l i ta te c o m p a r i s o n s . In the last twenty years, the eva lua t ion o f findings 
was p e r f o r m e d o n t h e basis of a t a x o n o m i c a l analys is , e l abo ra t ed by LIPTAK and 
appl ied t o t h e his tor ica l ma te r i a l . 
In t h e latest d e c a d e pa l aeopa tho log i c analyses were carr ied o u t , res t r ic ted, a t 
p resen t , t o t h e findings f r o m the A v a r pe r iod . T h e s e invest igat ions began , however , 
m u c h ear l ier because the p o s t h u m o u s w o r k of LAJOS BARTUCZ (BARTUCZ, 1966) 
Table 4. Finds published in detail. — Hungarian Conquest. 
Findspots Archaeological Ages 
The name of author, 







Békés-Povádzug Hungarian L I P T Á K - F A R K A S , 2 _ 1 _ 
Conquest 1 9 6 7 
Gerendás-Petőfi Hungarian 
Co-operative farm Conquest MARCSIK, 1 9 7 4 1 1 — — 
Harta-Béke Hungarian 
Co-operative farm Conquest MARCSIK, 1 9 7 4 1 — 1 — 
Hód mező vásárhely- Hungarian F A R K A S - L O T T E R -
Nagysziget Conquest HOF-MARCSIK , 1 9 6 9 5 6 4 — 
Izsák-Balázspuszta Hungarian MARCSIK, 1 9 7 6 1 — — — 
Kecskemét-Városföld 
I^UUQUCBI 
Hungarian MARCSIK, 1 9 7 4 1 3 1 _ 
Kübekháza-Újtelep 
Conquest 
Hungarian F A R K A S - L O T T E R -
Conquest H O F - M A R C S I K , 7 4 2 — 
1969 
Rákóczifalva- 10th Century L I P T Á K - M A R C S I K , — 2 
Kastélydomb 1975 
Szabadkígyós- Hungarian LOTTERHOF, 1 9 7 1 1 2 9 6 — 
Modelfarm Conquest 
Szabadkígyós-Pál Hungarian LOTTERHOF, 1 9 7 1 10 7 1 
Coppice Conquest 
Szalkszentmárton- Hungarian MARCSIK, 1 9 7 4 1 1 8 
Paréjoshát Conquest 
Szarvas-Tessedik street 10th Century L I P T Á K - M A R C S I K , 2 3 2 
öttevény 
1971 
Hungarian L I P T Á K , 1 9 6 2 1 — — — 
Conquest 
Aldebrő-Mocsáros 10th-l 1th Centuries Marcsik, 1967 10 7 5 — 
T o g e t h e r : 5 4 4 3 31 — 
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had a l ready ana lysed in de ta i l the t reph ined findings, s to red no t only in the Szeged 
col lect ion bu t a l so t hose be ing in o t h e r H u n g a r i a n col lect ions . 
It is t o be men t ioned he re tha t in the Szeged col lect ion the re were 30 d i s t o r t e d 
( m a c r o c e p h a l o u s ) c ran ia a n d several t r eph ined findings. These , e v a l u a t e d in L a j o s 
BARTUCZ'S pa l aeopa tho log ica l w o r k , as well , a r e a t present in u n k n o w n place . 
T h e n u m b e r b o t h of m a c r o c e p h a l o u s and t r eph ined f indings is, t he r e fo re , sma l l in 
o u r D e p a r t m e n t a t p r e sen t . 
W e d o n o t i n t end t o speak a b o u t the resu l t s of the research work in de ta i l , a s 
they have been pub l i shed in a great n u m b e r of publ ica t ions . In the T a b l e s findspots, 
the d a t e o f pub l i sh ing , the findings a n d the n a m e s of the a u t h o r s a r e a l so g iven. 
S o b ib l iographica l w o r k s given in the list of re ferences m a y i n f o r m e eve rybody a b o u t 
the o t h e r d a t a of the pub l i ca t ion . T h e s e ar t icles were main ly pub l i shed in t h e a n n u a i 
publ ica t ions o f the biologis ts of the Univers i ty in Szeged (Acta Biologica Szeged ien-
Table 5. Finds published in detail. — Arpadian Ages and Middle Ages. 
Findspots Archaeological Ages 
The name of author, 
the year of 
publication 





Békés-Povádzug Arpadian Age LIPTÁK-FARKAS, 
1967 
31 41 7 2 — 
Csongrád -Fclgyő Arpadian Age BARTUCZ-FARKAS, 
1956 
17 16 5 — 
Kardoskút-Fehértó 11th—12th Centuries MARCSIK, 1970 136 119 4 1 — 
Nagybaracska- 11th Century MARCSIK, 1972 6 3 5 — 
Öregszölők 
Nádudvar- ] 0th— 11th Centuries LIPTÁK, 1968 14 15 9 — 
Töröklaponyag 
Orosháza-Rókóczi 10th-13th Centuries FARKAS-DEZSŐ, 4 0 2 9 — — 
settlement 1955 
Orosháza-Rákóczi Arpadian Age LIPTÁK-FARKAS, 93 7 8 2 7 4 
settlement 1962 
Szarvas-Ószőlő 10th-l 1th Centuries LIPTÁK-MARCSIK, 
1971 
6 2 2 1 
Szatymaz-Railway 10th-12th Centuries LIPTÁK-FARKAS, 114 8 9 8 3 — 
station 1967 
•Zenta-Farkas farm Arpadian Age BARTUCZ-FARKAS, 
1958 
9 5 4 — 
•Zenta-Paphalom Arpadian Age BARTUCZ-FARKAS. 68 4 2 36 1 
1958 
Baja-Pető 11th 16th Centuries LOTTERHOF, 1968 7 4 5 8 6 2 15 
•LudoS-Csurgó 15th Century FARKAS, 1971 1 — — — 
Nagybaracska- 14th-16th Centuries MARCSIK, 1972 1 2 1 — 
Kisbaracska 
Nagybaracska-Piszkula I4th-16th Centuries MARCSIK, 1 9 7 2 1 — 3 — 
Röszke-Kószó farm 14th-15th Centuries LOTTERHOF, 1971 21 19 27 — 
Téglás Angolkert 11th 14th Centuries LIPTÁK MARCSIK, 
1965 
15 21 17 — 
•Zombor-Airport 15th-17th Centuries B A R T U C Z , 1 9 6 0 8 7 38 52 — 
T o g e t h e r : 7 3 4 577 4 4 6 22 
* F i n d s f r o m V o i v o d s h i p ( N o r t h - J u g o s l a v i a ) . 
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sis), a s well as in t h e cen t ra l j o u r n a l o f the H u n g a r i a n a n t h r o p o l o g y ( A n t h r o p o l o g i a l 
Köz lemények — A n t h r o p o l o g i c a l Publ ica t ions) , but in add i t ion to these, s o m e 
analys is of the findings in the col lect ion in Szeged m a y also be f o u n d in t h e a n n u a l 
publ ica t ions o f s o m e M u s e u m s ( C u m a n i a , Y e a r b o o k o f the M u s e u m in Szeged, 
Y e a r b o o k of the Dér i M u s e u m in D e b r e c e n ) , as well as in foreign j o u r n a l s , an 
independen t b ib l iography i n f o r m s a b o u t the publ ica t ions till 1952 (ALLODIATORIS. 
1958) a n d a b o u t t hose a f t e r 1952 the A n t h r o p o l o g i c a l Publ ica t ions , pub l i shed 
usual ly in every two year (FARKAS and DEZSŐ, 1965; FARKAS, 1966, 1968, 1969, 
1972 ,1973 ; FARKAS a n d MARCSIK 1976 ,1978 ; FARKAS, KURCSIK, and MARCSIK 1981). 
T h e s to r ing t echn ique of the col lec t ion ( the pos t -cranal i skele tons a r e on shelves 
with me ta l f r ames in w o o d e n cases, the skul ls in p a p e r boxes within cases) , can be 
considered a s g o o d . T h e size of t h e s t o r e and the s tor ing cond i t ions a re , however , 
far f r o m being sa t i s fac to ry ( the ske le tons a r e most ly in cellars). T h e possibil i t ies 
o f f u r t h e r deve lopmen t are , u n f o r t u n a t e l y , very l imited, because ou r D e p a r t m e n t 
deals p r imar i ly with educa t ion . W e a r e conv inced nevertheless , a b o u t be ing obl iged 
t o preserve the a n t h r o p o l o g i c a l findings o f o u r collection excavated f r o m the H u n -
gar ian ea r th and t o b r ing within reach f o r the scientific life the findings still n o t 
pub l i shed . 
Present w o r k is par t icu lar ly s u p p o r t e d by the H u n g a r i a n a n d fo re ign research 
worke r s w o have a l ready analysed these findings, accord ing t o s o m e p o i n t of view, 
respectively par t i c ipa t ing in t h e process ing of the mater ia l o f the col lec t ion. F r o m 
a m o n g the H u n g a r i a n dent is ts , w e m a y m e n t i o n he re the n a m e s of GYÖRGY HUSZÁR, 
KÁROLY TÓTH, GÁBOR KOCSIS; f r o m a m o n g those par t i c ipa t ing in the p a l a e o p a t h o l o -
gical research ELEMÉR ANTAL, FERENC KÓSA; f r o m a m o n g the fore igners MICHAEL 
FINNEGAN, NIKOLAOS XIROTIRIS. H a v i n g p r o v i d e d the met r i c d a t a of t h e p reh i s to r ic 
findings t o t h e d a t a - b a n k in M a i n z we h o p e t o a t t r i bu te to the work of the invest iga-
to r s of p reh i s to ry . 
In the f u t u r e , we w a n t t o c o n t i n u e t h e his tor ica l an th ropo log ica l research w o r k , 
t h o u g h — owing to the pe r sona l c h a n g e in ou r s t a f f — we shou ld like t o c o n c e n t r a t e 
t h e prof i le o f research on invest igat ing o f t h e living p o p u l a t i o n . But we a im to 
pub l i sh the ana lyse of ou r larger col lec t ions accord ing to archaeologica l per iods , a n d 
offer ou r s u p p o r t in this respect t o H u n g a r i a n and fore ign col leagues. 
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Abs t rac t 
The physical development of 6-18 years old children of Szeged (Southern Hungary) was 
recorded with sampling in 1958/59, in 1961 and in 1966/67. In the spring of 1981, as a conti-
nuation of this work, the authors collected data concerning the puberty of schoolgirls aged 
10-14 of the town, which has a population of about 200.000 inhabitants. Their experiences 
about the physical development of 1099 schoolgirls are summarized in this study. Their present 
results were compared with previous samplings. The samples ensue on single samplings each. 
It has been found, that in the case of girls, with the same age-groups, the arithmetic mean of 
body height and body weight, has increased in every sample in comparison to the preceding 
samples. The mean of the normal circumference of chest has decreased in the latest sample, and 
the median of the menarche has also decreased in every sample. Relying upon these findings, 
it is supposed, that the course of the secular trend continues even now, in girls of Szeged. 
The authors point out, that there is not a definite body height or body weight deciding the 
physiological maturity. They are planning to examine about 20.000 pupils in the frame of the 
research work, which has been started in 1981. 
Introduction 
I t is obv ious t h a t the adolescence is o n e of t h e m o s t p rob lema t i ca l , bu t a t t h e 
s ame t ime, o n e of the m o s t beau t i fu l p e r i o d o f h u m a n life. Lea rn ing a b o u t this 
top ic is equa l ly t h e task of t h e research w o r k e r s , educa to r s a n d pa ren t s . F o r t u n a t e l y 
we can cons ider this ques t ion f r o m each aspec t . O n the p resen t occas ion , w e shou ld 
like t o pub l i sh the results o f an a n t h r o p o l o g i c a l examina t ion on female pup i l s o f 
a S o u t h e r n H u n g a r i a n city, main ly f r o m t h e aspec t o f t h e research worker . 
In Szeged u p t o the p resen t f o u r examina t i ons were ca r r ied o u t ; in 1958/59, in 
1961, in 1966/67 and in spr ing o f 1981, t o s t a t e the varieties of boys and girls acco rd -
ing t o age -g roups . W e have repor ted a b o u t ou r p rev ious sampl ings in n u m e r o u s 
pub l i ca t ions (FARKAS, 1961; 1962; 1963; 1964; 1966; 1967; 1969; 1970; 1972), 
men t ion ing a b o u t the es tab l i sment of t h e t ime of mena rche , besides the g r o w t h 
examina t ions . Recent ly w e have c o n t i n u e d the research o f m e n a r c h e and examined 
re la t ionships be tween the age of pube r ty a n d the na tu ra l and socia l fac tors . A b o u t 
this h a s a l so been repor ted in several ar t icles o f scientific per iodicals (FARKAS, 1979; 
1980). 
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Mater i a l s and Me thods 
Latest researches made the authors project to collect data of 20 thousand girls. This work 
started in February 1981 in Szeged. Untill now we managed to collect the samples of about 
3500 adolescent girls, whose age-groups range from II to 14.5 years. The research aims an 
examination into the agents, influencing the appearance of menarche. According to this questions 
were raised about the family circumstances (e.g. the number of siblings), parents (e.g. their 
occupation, educational level), and the date of the menarche of the girls. Altogether 34 different 
informations were collected this way partly from the parents and partly from the pupils. Within 
the frames of this work has been performed the measuring of body height, body weight, the 
normal circumference of chest and the bicristal breadth. Due to shortage of both material and 
personal conditions, we could not establish the similar body measurements of boys, however 
it should also be necessary, thus we can report here only on our observations dealing with girls 
alone. 
At present, the four body measurements are analyzed in case of 1099 girls of 11 to 
14.5 years. The most important parameters are stated (arithmetic mean, standard deviation, 
range in groups of menstruating and not menstruating girls separately as well as of all girls 
together (Tables 1-4). 
Results 
In every age -g roup was observed t h a t in case o f all the f o u r g r o u p s , the m e a n 
values of the girls, a l r eady mens t rua t i ng , were h igher t h a n those of not m e n s t r u a t i n g 
(Tables 1-4) . Exper imen t s , l ike this a re ment ioned by o ther a u t h o r s as well (CS6KA-
PHILIPPNE JUNG a n d EIBEN, 1981) in case of H u n g a r i a n girls. It is genera l ly m e n -
t ioned , t ha t the m e n a r c h e of girls occurs ei ther a t reaching a h igher a r i t hme t i c m e a n 
o f body weight and s t a tu re , o r a t r each ing a ce r ta in a r i thmet i c m e a n of b o d y we igh t 
a n d s t a t u r e . " T h e w o r k s o f BODZSAR ( 1 9 7 7 ) , HAMMAR e t a l . ( 1 9 7 2 ) , R I C H T E R ( 1 9 7 3 ) , 
ROBERTO-GLORIA (1974), WINICK (1975) refer to t h e first va r i a t ion . O t h e r a u t h o r s 
cons ide r the a p p e a r a n c e of m e n a r c h e t o be d e p e n d e n t of 45.8 kg a r i t h m e t i c m e a n 
o f body weight , a n d 153.6 c m a r i t hme t i c mean o f b o d y he ight , fo r H u n g a r i a n girls 
(BORSOS. T A K A C S a n d SMID, 1 9 7 7 ) . HOFMEIER, SCHWIDDER a n d M U L L E R ( 1 9 6 4 ) 
connec t the m e n a r c h e with achiev ing a certain physical d e v e l o p m e n t . In M a r s h a l l ' s 
op in ion the m e n a r c h e a p p e a r s a f t e r achieving a cer ta in he ight velocity p e a k . 
Acco rd in g to FRISCH (1976) the abso lu te a n d relative increase o f the a d i p o s e 
t issue can be proved a t girls b o t h o f ear ly and la te m a t u r a t i o n . T h e a r i t h m e t i c m e a n 
o f b o d y weight of girls with a med ian o f 14.5 years , was a s m u c h as 47.2 k g ; b u t 
t h o s e with 12.4 years showed an a r i thmet i c m e a n of body weight of 48.7 kg (1-Risen, 
REVELLE a n d C O O K , 1 9 7 3 ) . SKERLJ, BROZEK a n d H U N T ( 1 9 5 3 ) s t a t e d , t h a t t h e m e d i a n 
of obese girls was 12.99 years , t h a t of th in ones 13.5 years, whe reas of the so-cal led 
n o r m a l y developed girls was 13.66 years . 
So even the thin girls b e c o m e earl ier m a t u r e wi th less b o d y weight , t h a n those 
w h o have a higher b o d y weight and are n o r m a l y deve loped physicaly . 
K A N T E R O , W I D H O L M a n d W I D H O L M ( 1 9 7 0 ) c l e a r l y r e j e c t t h e c o r r e l a t i o n b e t w e e n 
the s t a tu re a n d the d a t e o f a p p e a r a n c e o f m e n a r c h e . They m e n t i o n tha t the d a t e o f 
the med ian of m e n a r c h e diverged a t girls w h o s e b o d y weight exceeded , fell beh ind 
o r neared the a r i thmet i c m e a n . G i r l s of lower weight m a t u r e d la ter , t h a n those o f 
h igher weight . A c c o r d i n g t o o u r first f o u r t ab les the d a t a of m e n s t r u a t i n g gir ls , 
n ame ly the a r i thmet i c m e a n o f b o d y weight , the n o r m a l c i r cumfe rence o f ches t , a n d 
the bicristal b read th is in every case h igher , t h a n a t t h e girls still be fo re m e n s t r u a t i o n . 
A t the s a m e t ime, however , it can b e s ta ted , t ha t in the case o f the b o d y m e a s u r e -
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ments of mens t rua t ing girls ment ioned above, and girls of the similar age -g roup 
still no t men t rua t ing there is a certain coincidence a m o n g the lower values of range. 
A t 13.5 and 14 years old girls, in case of the lower values of the normal c i rcumference 
of chest , a t 13.5, 14 and 14.5 years old girls in case of bicristal breadth , the lower 
values of range are, in case of menstruat ing ones lower than at those w h o a r e still 
before the mens t rua t ion . In consequence, it is perceivable, tha t the occur rence of 
menarche at the girls of the same popula t ion canno t be connected exclusively t o 
a definite body weight o r s ta ture value as their a t t a inment is related to o the r fac tors 
as well, e.g. race, the level of nutr i t ion, etc. Moreover , only, da ta derived f r o m 
longitudinal sampl ing a re wor th considering. Final ly referring to SCHWENK'S n o t e 
(1965), can be ment ioned that the sexual ho rmones restrain the p roduc t ion of s o m a -
totropic ho rmones . In compl iance with it, the menarche heavily depends on the 
f luctuat ion of the concentra t ion of oestrogens. We may agree with GRIMM'S con-
ception (1966) who claimed that the ear ly-matur ing children achieve a h igher body 
deve lopment and a t the late matur ing ones, a so-called l ep tomorphic t endency 
of g rowth can be demons t ra ted . T h e est imation of this quest ion requires, cer ta in ly , 
a m o r e detai led analysis in the fu ture . Compar ing the ar i thmet ic mean of body 
height, body weight and normal c i rcumference of chest of all the girls of co r r e spond-
ing age-groups with the similar ar i thmet ic means, f r o m 1958/59 and 1966/67, a p p e a r s 
that , the ar i thmet ic mean of 1981 is in every case considerably higher. It occurs 
only in case of 11.5 years old girls, that the a r i thmet ic means obta ined in 1966 and 
1981 coincide totally (Table 5). O n the con t ra ry according to o u r experiences at 
the normal c i rcumference of chest the mean of 1966 is higher than those of 1958/59; 
on the o ther hand , the mean values obtained in 1981 did not exceed the results of 
1966 either, but they a re 1 - 3 cm below. Consider ing all these values we must t a k e 
into considerat ion that the sample sizes are wery similar (in 1958/59: 702, in 1966: 
705 and in 1981: 1099). Therefore the decrease of the mean values of the n o r m a l 
c i rcumference of chest is no t connected with the essential difference in s a m p l e sizes. 
T h e differences cannot be regarded as a methodical error either, as the sampl ings 
were carr ied ou t by the same person. So, it is indisputable that the process of acce-
lerated growing is in progress even today, as it could be established unambiguous ly 
f rom the compar i son of da ta f rom 1958/59 and 1966/67, in Szeged. A n y w a y this 
was no t observed in case of nursery-school chi ldren, whose earlier da ta (FARKAS, 
IZSÁK and NAGY, 1965) were revised in spring of 1981. T h e ment ioned c h a n g e of 
somat ic characterist ics was followed by the change in the puber ty t ime of girls. 
While the value of the median of menarche of the girls in Szeged was 13.2 years in 
1958/59, 13.02 years in 1961, a t the same time it was 12.75 years in 1966/67. T h e 
quest ion raises spontaneously , if we can expect a fur ther change of the med ian size 
in 1 9 8 1 , t oo . 
In order to establish this, we also pe r fo rmed prel iminary evaluat ion. W e have 
the data of 935 girls, f r o m the age-groups of 11.5-14.5 years, collected with the m e t h o d 
of s ta tus quo . In 484 cases the menstruat ion already occured before the d a t e of 
samplings. T h e data of observat ion have been established with a numerical m e t h o d , 
applied earlier, which produced a result quite identical with the probi t analysis 
(FARKAS. 1975). Accordingly the menarche age of girls in 1981 in Szeged was 12.72 
years, i.e. 0.03 year below the median of an earlier observat ion. This slight decrease 
might no t indicate a secular t rend in the past 15 years ; it is, however , a fact t ha t the 
median d idn ' t shi f t towards the higher age of life. O u r aim is to realize our sampl ing 
a m o n g the 10 to 18 years age-groups. So conclusions must be d rawn very careful ly 
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The number and the p.c. 
of menstruated 
r % 
The probit of 
p.c. of menstruated 
P 
11.5 153 17 11.1 3.78 
12 161 54 33.5 4.57 
12.5 150 58 38.7 4.71 
13 172 97 56.4 5.16 
13.5 128 108 84.4 6.01 
14 117 100 85.5 6.06 










"i X. y> 
1 11.5 3.78 132.25 43.47 
2 12 4.57 144.00 54.84 
3 12.5 4.71 156.25 58.88 
4 13 5.16 169.00 67.08 
5 13.5 6.01 182.25 81.14 
6 14 6.06 196.00 84.84 
7 14.5 6.45 210.25 93.53 
n = 7 91 36.74 1190.00 483.78 
as the m a j o r i t y of o u r d a t a refers to t h e 11 to 14.5 years age-groups . T h u s a l t e ra t ion 
of this med i an value , c an be expec ted . I t der ives f r o m the a b o v e m e n t i o n e d , t h a t 
the p resen t p a p e r is on ly the p rev ious eva lua t ion o f a large research w o r k . T h e d a t a 
o b t a i n e d s o f a r a l low us , however , t o s u p p o s e — at least in case of the girls in S z e g e d — 
tha t the process o f acce lera ted g rowing s h o u l d n o t yet be cons ide red a s finished; 
which is s h o w n by the signif icant d i f ferences o f t h e a r i thmet ic m e a n values of b o d y 
m e a s u r e m e n t s . Th i s fac t a f t e r all is se l f -evident , t ak ing in to a c c o u n t t ha t Szeged 
is the cen t r e o f a large oil-field, hav ing a t t r a c t ed n u m e r o u s worke r s mos t ly y o u n g 
peop le f r o m o t h e r a r ea s o f t h e c o u n t r y in t h e last 10-15 years . T h u s t h e mix ing 
u p t o t h e p o p u l a t i o n , a s well as the u r b a n i z a t i o n have acce lera ted . Acco rd in g t o 
ou r plans , — it shou ld be a d d e d — w e w a n t t o d r a w into o u r invest igat ion all the 
10 t o 18 years o ld girls o f Szeged. U p t o t h e p resen t , however , we cou ld on ly examine , 
in t h e first p lace , ch i ldren w h o live in the new dis tr ic t of a b o u t 35 000 inhab i t an t s , 
w h o s e c o n d i t i o n s differ f r o m those living in o t h e r a r ea s of the t o w n . 
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Abstract 
I have established the dependence of the metaphase-blocking effect of N 2 0 on gas con-
centration, as well as on the length of the treating period. The highest mitotic"activity can be 
achieved in the cells of the root meristem of rye at 6 atm pressure of N jO (270 mM concentration) 
by an 8 hours treatment. The metaphase-blocking efTect of NjO is reversible, following the solu-
tion of gas treatment, the metaphase-cells enter into a more or less normal anaphase. 
Introduction 
In invest igat ing the p h e n o m e n a o f mitosis , a very great role is played by cer ta in 
cytos ta t ic mater ia l s , which h inde r t h e regu la r process of mitosis. T h e agents h inder ing 
mitosis a r e cal led " m i t o t i c p o i s o n s " (BIESELE, 1958). As a resul t of the h inder ing 
effect , t he re m a y occur specific ch romosome-con f igu ra t i ons , or po lyp lo idy m a y be 
f o r m e d . 
T h e m e c h a n i s m of ac t ion o f s o m e agen t s , e .g. colchicine — the alcaloid o f 
Colchicum autumnale — a n d of co lch icum derivat ives have been s tudied fo r long 
decades . EIGSTI and DUSTIN (1954) es tabl i shed tha t colchicine b rough t t o s t o p 
me taphase . I t s effect is so charac te r i s t ic a n d specific in mitosis t ha t in l i t e ra ture t h e 
des igna t ion C-mi tos is , colchicine-mitosis , was in t roduced fo r this p h e n o m e n o n 
(LEVAN, 1938). A p a r t f r o m colchic ine , co lcemide h a s exerted the m o s t m a r k e d 
effect on mi tos i s (PICKETT-HEAPS, 1967; STUBBLEFIELD and BRINKLEY, 1966; BRINKLEY 
e t a l . , 1967). 
Ce r t a in gases (xenon , a r g o n , m e t h a n e , h y d r o g e n , n i l rous oxide) a r e k n o w n t o 
m a k e an effect on t h e process o f mi tos i s t ha t is s imi la re t o t ha t of colchicine. T h e 
m e c h a n i s m of ac t ion o f these gases h a s been u n k n o w n , so f a r . T h e n i t rous ox ide 
has p r o d u c e d C-mi tos i s in pea seedl ings u n d e r a tmosphe r i c pressure (OSTERGREN, 
1944); on t h e o t h e r h a n d , in on ion a h ighe r p ressure was t o be app l ied in o r d e r t o 
get s imi lar resul t (FERGUSON et a l „ 1950). In 1968, R A O treated m a m m a l i a n n 
( H e L a ) cells wi th N a O a n d es tab l i shed tha t t h e effect of N . O b lock ing t o m e t a p h a s e 
depended o n pressure and was reversible. A p re s su re below 2.72 a t m o s p h e r e s 
p r o d u c e d n o effect on the a b o v e men t ioned cells. An a t m o s p h e r i c p ressure b e t w e e n 
2 ,72-4 .42 a t m has n o t caused full inhibi t ion. A fu l l m e t a p h a s e b lock cou ld be 
achieved with a p ressure be tween 5.1 a n d 5 .4 a t m a n d t h e effect p roved t o be 
reversible. T h e degree o f reversibil i ty d e p e n d s u p o n the d u r a t i o n o f t r e a t m e n t 
and pressure . 
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Fig. 1. Pressure chamber used for the nitrous-oxide treatment. 
Pressure chamber (a), joint duct (b), manometer (c). The standard pressure in the cylinder 
was assured by closing both valves (d, e). Finishing the treatment, I decreased the pres-
sure to zero atmosphere by opening the valve (d) slowly. 
Similarly t o colchicine and colchicine-derivat ives, po lyp lo ids and a n e u p l o i d s 
can be induced by n i t rous ox ide , a s well (OSTERGREN. 1954; NYGREN, 1955; OSTER-
G R E N , 1 9 5 7 ; K I H A R A a n d T S U N E W A K I , 1 9 6 0 ; T S U N E W A K I , 1 9 6 2 , D V O R A K e t a l . , 1 9 7 3 ) . 
T h e invest igat ions conce rn ing the effect of n i t rous ox ide a re i m p o r t a n t f r o m 
m o r e t h a n o n e p o i n t of view. On the o n e h a n d , gas is app l ied a s anaes the t i c in the 
clinical praxis , a s wel l ; on t h e o t h e r h a n d , m o d e o f act ion of th is , exerted on mi tos i s , 
is une luc ida ted , as yet. 
Mate r i a l s and Me thods 
I have chosen the diploid rye as test plant, having low chromosome number (2n=14). 
Cytological preparations were made from the actively growing root meristems of seedlings. 
Germination took place at 20 °C, in Petri dishes, on wet filter-paper, in a thermostat, for 20 to 
30 hours. Seedlings having three roots — of 6 to 10 mm — were used for experiments. The 
N , 0 treatments were carried out in a pressure chamber, to be seen in Fig. 1, made in the work-
shop of the University Cambridge. (A gift of Dr. R. T. JOHNSON to the BRC.) 
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The seedlings were collected for the experiment on a filter-paper in a Petri-dish and put 
them in a cylinder (a), treating the with N , 0 of different concentrations, for a different time. 
The plants were fixed in a mixture of absolute alcohol and acetic acid in ratio 3:1, at room-
temperature, for 1/2 to 12 hours. The fixed seedlings were stored in 70 per cent alcohol till 
being used. 
The 6 to 10 mm roots of the fixed seedlings were cut, then hydrolized in IN hydrochloric 
acid at 60 °C for 16 to 18 minutes and stained in Schiff's aldehyde reagent according to Feulgen's 
squash method for 40 to 60 minutes. 
The comparatively hard and thick plant cell wall renders more difficult making preparations, 
therefore roots were treated, before being squashed, in non-buffered enzymesolution — containing 
2 per cent pectinase (FLUKA, SCHUCHARDT) and 2 per cent cellulase (ONOZUKA R-10, YAKULT) — 
at room-temperature. In ten minutes, from the softened roots, the enzymesolution was replaced 
by absolute alcohol. The roots were immersed into concentrated acetic-acid for 1 to 2 seconds and 
placed on a microscopic slide, and a 2 to 3 mm apical part of roots were cut. After dropping 
45 per cent acetic-acid on them the root-tips were covered and squashed. The preparations of 
suitable quality were fixed with dry-ice method (CONGER and FAIRCHILD, 1953). After freezing, 
the coverslip was removed and the preparations were dehydrated in alcohol-series, then the slides 
were immersed into xylene. On the clean coverslips De Pex (G. T. Gurr) was dropped and then 
the preparations were mounted. The preparations, fixed in this way, can be stored without 
discolouration and pollution. 
The investigations were carried out, and the needed microphotographs made, with a ZEISS 
NU-2 microscope, on black and white ORWO 15 Din negative film. 
The mathematical evaluation of data was carried out the mean of data and the standard 
error of means were calculated. 
The test of homogeneity of variance was carried out with Bartlett's test. 
The significance test was performed with a x1 test, the comparison of arithmetic means 
with a t-test (SVAB, 1973). 
The obtained results are fixed in a Table and shown in a column diagram. 
Results 
1) D e t e r m i n a t i o n o f t h e g a s c o n c e n t r a t i o n n e e d e d t o t h e 
o p t i m a l i n h i b i t i o n o f m i t o s i s ( P r e s s u r e e x p e r i m e n t ) 
T h e first ques t ion t o be answered w a s , by which n i t rous -ox ide p ressure (con-
cen t r a t ion ) the inhibi t ion o f mitosis can be ach ieved , in case o f a t r e a t m e n t o f inden-
tical du ra t i on . I looked fo r an answer to , in which degree t h e mitosis o f t h e roo t -
mer is tem cells depends u p o n the N a O c o n c e n t r a t i o n . Seedlings were t rea ted wi th 
N 2 0 u n d e r a pressure o f 1 - 1 2 a t m , fo r t w o h o u r s . I repea ted the exper imen t s t h ree 
t imes, o n every p ressure value, i.e. I invest igated 2.000 cells of the roo t t ips o f 3 t imes 
3 seedlings in each of the exper iments . It w a s es tabl ished t h a t , chang ing t h e n i t rous -
-oxide concen t r a t i on , t h e degree o f mi tos is - inhibi t ion effect of gas changes , de -
pend ing u p o n the pressure . I selected t h e " o p t i m u m " pressure va lue wi th in the 
invest igated in terval , in case of which the h ighes t mi to t ic act ivi ty can be ach ieved 
in t w o h o u r s . T h e degree o f mi to t ic act ivi ty i.e. the ra t io o f mi to t ic a n d i n t e r p h a s e 
cells — cons ider ing the length o f cell cycle as s t a n d a r d — depends on the effect ivi ty 
of the inhib i t ion o f mitosis . T h e m o r e e f fec tua l the inhibi t ion is, t h e m o r e mi to t i c 
cells a re t o be f o u n d in the seedl ings s imul t aneous ly . 
T h e inhibi t ion of mitosis mani fes t s i tself there in t ha t the mitosis of cells gets 
only as far as t h e me taphase . C h r o m o s o m e s a r e a r r a n g e d in a charac te r i s t ic r ing-
f o r m (Fig. 2) and t h e m e t a p h a s e is n o t fo l lowed by ana - a n d te lophases . 
T h e s u m m a r y of the exper imen ta l d a t a is con ta ined in Tab l e 1. Beyond mi to t ic 
activi ty, I de te rmined t h e ra t io of p ro - , me ta - , and a n a p h a s i c cells a t a n y pressure . 
T h e test of h o m o g e n e i t y o f the s t a n d a r d devia t ion , Bar t le t t ' s test was used . By 
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Fig. 2. The "ring" metaphases, coming inio existence as a result of nitrous-oxide, at the treat-
ment at 6 a t m for two hours (magnification: xlOOO). 
m e a n s of this , I es tabl i shed tha t these d o no t d i f fe r s ignif icantly f rom e a c h o t h e r . 
I t was proved by c o m p a r i n g the m e a n s with F- tes t t ha t ihere is a s ignif icant d i f fe rence 
between the average mi to t ic activities o f the seedl ings, t rea ted under d i f fe ren t pres-
sures , a t P 1 per cent level. It was cont ro l led wi th T- tes t , between the averages of 
which t r e a t m e n t s there is a s ignif icant di f ference and the value of the m i n i m a l 
s ignif icant d i f ference was a l so ca lcu la ted . In m y exper iments , th is p roved t o be 
1.87 per cen t . It is the re fo re d u e to the effect o f n i t rous oxide if in the t r e a t m e n t s the 
mi to t i c act ivi ty di f fers f r o m the con t ro l level by more t h a n 1.87 per c en t or if the 
d i f ference of mi to t ic activities measu red in two t r e a t m e n t s is m o r e t h a n 1.87 pe r cen t . 
It c an be es tabl i shed on the basis of s ignif icance-invest igat ions t ha t there a r e signi-
ficant dif ferences be tween t h e t r e a t m e n t s of 1 t o 3. 4 to 5, 5 t o 6, 6 to 7. 7 t o 8, 8 t o 
10, 10 to 12 a t m o s p h e r e s . T h e d i a g r a m of mi to t i c act ivi ty — and the r a t io of the 
Fig. 3. The pro-, meta-. and anaphase change in the cells of the root meristem, as well as that 
in the mitotic activity, taken as a function of pressure. Treatment is: 2 hours. 
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pro-, meta- , and anaphase cells — is to be seen in Figure 3, in which the dynamics 
of the change in the single mitotic phases can be followed well. 
I t turns ou t f r o m the diagram unambiguous ly that by the change in concentra-
tion the ratio of the cells in the mitosis a lso changes , as compared with the mitotic 
activity of con t ro l cells. A significant inhibition of mitosis (mitotic accumulat ion) 
is to be observed, begining f rom a gas concent ra t ion of 3 a tm (135 m M ) . Till 
a tm 6, the number of mitotic cells increases, a f t e r this it decreases (at a tm 9 to the 
level of control ) . At 10 a t m . there are fewer cells in mitosis than in the root- t ip of 
the control . This little but significant decrease in the number of mitotic cells is due 
to the vigorous decrease in the n u m b e r of prophase cells. At this pressure, the number 
of p rophase cells does not achieve the level of 50 per cent of the control . As this 
trend ceases to cont inue a f te r the increase of pressure, and at 12 a tm the number of 
mitotic cells considerably exceeds even the level of control , the effect of the 10 a tm 
pressure canno t be considered as a " s a tu r a t i on" . 
Analysing the distr ibution of the phases of mitosis (pro-, meta-, and anaphases) , 
we can conclude that with changing of the gas pressure, the most obvious change 
follows in the n u m b e r of metaphases . A t 6 a t m , the number of metaphase cell 
increases a l m o s t to be 12-fold, as compared with the control . The number of p ro 
phases remains , apar t f rom the decrease ment ioned above, approximately on an 
identical level. Fol lowing the format ion of anaphases with at tent ion, I have found 
that the ra t io of anaphases shows till a pressure of 5 a tm (225 m M gas concent ra-
t ion) a value close to the control . It is, between 6 to 11 a tm not more than 10 to 
15 per cent of the cont ro l , showing unequivocally the full blocking of the meta-
phase. T h e final conclusion f rom the pressure experiment that the highest mitosis 
accumula t ion can be achieved a t a pressure of 6 a tmospheres . 
T h e quest ion arose whether the metaphase-blocking effect of ni t rous oxide 
depends, and in what degree, on the length of the time of t reatment. 
2) T h e e f f e c t o f d u r a t i o n o f t r e a t m e n t o n t h e m i t o t i c 
a c c u m u l a t i o n ( T i m e e x p e r i m e n t s ) 
Seedlings were treated at a pressure of 6 a tm and two seedlings were fixed 
hourly, resp. two-hourly, each, for 1 to 34 hours . T h e percentage of mitotic, pro-, 
meta- , and anaphase cells was calculated f rom a thousand cells, each. The experi-
ment was repeated three-times. T h e data are summarized in a Tab le (Table 2). 
Wi th Bartlet t 's test, the investigation the test of homogenei ty of the variance 
were per fo rmed . On the basis of mathemat ical evaluation, the s tandard deviation 
of the da ta of the 20 experiments does no t differ significantly f rom one another . 
The compar i son of ar i thmetic means was per formed with F-test. It is to be established 
on the basis of the F-test that between the averages of the different t reatments there 
is a obvious significant difference. The single t rea tments were control led with t-test 
in detail and I exactly established between the averages of which groups least signi-
ficant differences are. I calculated the least significant difference, this proved to be 
2.55 per cent . T h e dependence of the pro- , meta-, and anaphases and of mitotic 
activities on the time is plot ted on co lumn diagram (Fig. 4). 
O n the basis of analysing the da ta , it is to be established that the mitotic activity 
depends on the dura t ion of t rea tment . T h e highest mitotic activity was faund at 
8 hours t rea tment (Fig. 5). A t rea tment longer than 8 hours gradually decreases 
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Fig. 4. Change in the mitotic activity of the root-meristem cells, taken as a function of the treat-
ment of time, as a result of a 6 a tm gas treatment. 
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Fig. 5. The effect of an 8-hour nitrous-oxide treatment, at 6 atm pressure, on the division of cells. 
Magnification: x400. 
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the number of the cells in mitosis, while the curve reaches its first m in imum a t 
18-hour. I t is obvious tha t this min imum is still higher than that to be observed in the 
control . A t a 20-hour t rea tment , again a s h a r p peak can be observed on the curve. 
The major i ty of cells at t ha t poin t are tetraploid. Fol lowing this, the mitot ic activity 
begins to decrease steeply till the 20-hour t rea tment , then it remains below the level 
of the control all the while. 
Studying the given phases of the mitosis, it was faund tha t af ter a 2 -hour treat-
ment the rat io of anaphases remained on the level of 1 0 - 4 f requency, i.e. it could 
be considered as zero. The change in the number of metaphases cells follows the 
change in the mitotic activity well. Wi th the exception of t rea tments for 2 and 3 hours 
the f requency curve of the number of p rophase cells is also of like course. 
Knowing the ni trous-oxide concent ra t ion , blocking the most effective mitosis, 
as well as the op t imum t ime of t r ea tment , I found it necessary to pe r fo rm some 
control experiments for proving that really the specific effect of N 2 0 is really in 
question and no t the changes by the experiental condi t ions (high pressure). For the 
sake of this, a t 6 a tm pressure, I per formed 8-hour t reatments with a i r . ni t rogen, and 
oxigen. A t n o n e of these I observed any cytological event, similar to those observed 
during of the ni trous-oxide t reatments . In all the three t reatments , mitotic activity 
remained at cont ro l level o r — within the limits of significancy — below the level 
of the control . 
3) D e c i d i n g t h e r e v e r s i b l e r e s p . i r r e v e r s i b l e e f f e c t o f t h e 
n i t r o u s - o x i d e t r e a t m e n t ( E x p e r i m e n t o f r e t u r n i n g ) 
In order to decide whether tha t the effect of nitrous-oxide on mitosis is a re-
versible process or not I have pe r fo rmed t h e following experiments. T h e seedlings 
were treated a t 6 a tm pressure fo r eight hours . Then, af ter solving the effect of 
N a O seedling were fixed in 1/2 resp. 1 h o u r intervals. The last sample was taken 
af ter the terminat ion of gas t rea tment , in the sample was taken af ter the terminat ion 
of gas t rea tment , in the 21st hour . The exper iment was repeated three times. In all 
the three repeated samples, the percentage of the mitotic, as well as pro- , meta- , 
and anaphasic cells was counted f r o m 4000 cells, each. The da ta , obtained f rom the 
investigation, are showed in Table 3. 
Mathemat ica l control of da t a , was pe r fo rmed establishing that the s tandard 
deviations are not significant, the average values a re to be considered as homogeneous . 
T h e least significant difference proved to be 2.93 per cent . 
T h e averages of mitotic, pro- , meta-, and anaphasic activities a re plot ted, like 
before, in a column d iagram, taken as a func t ion of time (i.e. the time following gas 
solution) (Fig. 6). In the Figure 6 it is to be seen that , af ter solving gas pressure, 
mitotic activity decreases abrup t ly and the anaphase cells immediately appear 
(Fig. 7). 
Following the fo rmat ion of the certain phases of mitosis, we can see that in 
30 minutes a f te r solving gas pressure the n u m b e r of anaphases rises f rom zero per 
cent to 7.3 per cent , then it gradually reaches the control lever. Af te r ten hours , 
mitotic activity again has an ab rup t peak , being almost 2.5 times more than the 
cont ro l value. After ten hours , mitotic activity shows a five-hour periodicity, each 
presenting itself in the form of a peak, essentially exceeding contro l level. In these 
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Fig. 6. Change in the pro-, meta-, and anaphase, as well as mitotic activities of the root-meristem 
cells, taken as a function of the time following gas solution. The treatment lasted at 
6 atm pressure, for 8 hours. 
Fig. 7. Change in mitoses, at 6 atm. following the termination of the 8-hour gas treatment. 
Magnification: x400. 
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peaks , m o r e t h a n two- th i rds of mi to t ic cells a r e f o r m e d by p r o p h a s e cells. A p a r t 
f r o m peaks , beg inn ing f r o m the 5th h o u r fo l lowing gas t r e a t m e n t , the va lue of 
mitotic act ivi ty d o e s no t d i f fe r f r o m the con t ro l level s ignif icantly. 
Discussion 
At eva lua t i ng the effect m a d e by n i t rous ox ide on the d ividing roo t -mer i s t em 
of seedlings, it is abso lu te ly necessary t o discuss certain ques t ions which a r e t o be 
cons idered as pecul iar i t ies o f the exper imen ta l sys tem. F o r lack of this , the in ter-
pre ta t ion of expe r imen ta l results, the conc lus ions d r a w n may be the sources of several 
e r rors . 
It is to be cons ide red as one of the m o s t i m p o r t a n t ques t ions t ha t the root-
meristem cells cannol be regarded as a homogeneous cell population. In the root tip, 
fast-cyclizing cells (of s h o r t cell-cycles), s lowly cyclizing cells (of long cell-cycles) 
and non-cycl iz ing (rest ing) cells a re to be f o u n d . I t is not yet set t led whe the r these 
resting cells a r e on ly in a provis ional rest ing s t a t e o r they remain definitely " o u t 
of the cell cyc le" . F o r the t ime being, t he re is n o d i rec t ev idence fo r t h a t these cells 
have lost their mi to t ic act ivi ty (CLOWES, 1976). It is obv ious t ha t the existence o f 
these th ree basic cell types makes extremely compl ica ted to eva lua te a n y effect a n d 
this fact is abso lu te ly t o be had in sight . A t e l abora t ing t h e results , t he re fo re , we 
should leave o u t of cons ide ra t ion every eva lua t ion suppos ing a u n i f o r m cell cycle 
(i.e., s o m e cells d iv iding with identical speed , ident ical rate). T h e roo t - t ip p r epa ra -
t ions m a d e in the course of invest igat ions cons i s ted on average n u m b e r of 3500 t o 
4000 cells. In the cer ta in exper iments , we eva lua ted un i fo rmly "2000 cells, each , 
which is a p p r o x i m a t e l y 50 pe r c en t of the full p r epa ra t i on . I s h o u l d have l iked t o 
decrease t o m i n i m u m the e r ro rs given by t h e d i f fe ren t " a n s w e r s " of " f a s t " , " s l o w " , 
" n o n - d i v i d i n g " cells. 
Table I. Determination of the gas concentration, needed to inhibit the optimum mitosis ( Pressure 
experiment). Average values of the pro-, meta-, and anaphases, as well as of mitotic 
activities, and the dispersion values of the arithmetical average of mitocic activities. 
(The time of the nitrous-oxide treatment is two hours at each pressure.) 
Mitosis 
N 2 0 pressure 
(atm) 
Prophase Metaphase Anaphase Mitosis s s " 
Control 3.32 1.09 1.48 5.89 0.41 
1 atm 3.79 1.24 0.84 5.87 0.79 
2 atm 4.40 0.96 0.98 6.34 0.43 
3 atm 5.07 1.84 1.06 7.97 0.39 
4 atm 5.28 2.50 0.92 8.70 0.80 
5 atm 4.19 6.18 0.89 11.26 0.34 
6 atm 2.93 11.35 0.23 14.51 0.57 
7 atm 2.74 7.34 0.24 10.39 0.49 
8 atm 2.16 4.98 0.15 7.29 0.51 
9 atm 1.97 3.61 0.06 5.64 0.57 
10 atm 1.32 2.39 0.12 3.83 0.39 
11 atm 2.17 3.16 0.11 5.44 0.28 
12 atm 5.58 2.40 0.86 8.84 0.20 
* *s* S t a n d a r d d e v i a t i o n s of t h e a v e r a g e s of m i t o t i c ac t iv i t ies . 
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Using 2 - h o u r s exper imen ta l t imes du r ing t h e pressure expe r imen t s ( T a b l e 1, 
Fig. 3), 1 have es tabl i shed t h a t wi th in the invest igated series of 1 - 2 a t m p re s su re 
intervals , a mitotic accumulation can be achieved a t a p re s su re o f 6 a t m o s p h e r e s . 
T h e a c c u m u l a t i n g effect of the n i t rous-oxide mi tos i s can u n a m b i g o u s l y b e exp la ined 
by increasing the n u m b e r o f me taphases , i.e. by m e t a p h a s e block o f cell d iv is ion . 
O w i n g t o technical causes (lack o f an a p p a r a t u s o f high pressure) , I c o u l d n o t in-
vest igate in to the repea ted rise of t h e mi to t ic act ivi ty a t 12 a t m o s p h e r e s . T h u s , 
I c a n n o t give a n y sa t i s f ac to ry exp lana t ion to this . A f t e r es tab l i sh ing t h e " o p t i m u m " 
gas concen t r a t i on (6 a t m ) , 1 invest igated into t h e effect o f the t ime of t r e a t m e n t on 
the mi to t ic a c c u m u l a t i o n , wi thin an interval of 1 t o 34 hou r s ( T a b l e 2. F ig . 4). T h e 
n u m b e r o f mi to t ic cells is rough ly d o u b l e d by on ly 1-hour t r e a t m e n t a t 6 a t m pressure , 
th is be ing t h e resul t of an a b o u t 7-fold increase in the n u m b e r o f m e t a p h a s e cells , 
as c o m p a r e d wi th the con t ro l . T h e highest mi to t i c a c c u m u l a t i o n was ach ieved a t 
the t r e a t m e n t of 8 hou r s , w h e r e the ra t io of m e t a p h a s e cells w a s a b o u t 20 - fo ld , 
c o m p a r i n g w i t h t h e con t ro l . 
T h e r e is t o be f o u n d m o r e t h a n o n e exp lana t ion fo r t h e rise in t h e n u m b e r o f 
p rophase s , n a m e l y : 1) T h e p r o p h a s e phase relatively lengthens , whi le the t ime o f 
cell cycle r ema ins u n c h a n g e d . 2) T h e cell cycle accelerates , 3) mi tos i s - induc t ion in 
the n o n dividing cell p o p u l a t i o n , e tc . T h e n u m b e r of me taphases g radua l ly dec reases 
a f t e r a t r e a t m e n t f o r eight h o u r s , f r o m which the conc lus ion can be d r a w n tha t t h e 
me taphase -b lock ing effect o f the n i t rous-oxide gas is restr icted in t ime a n d , a f t e r 
a t r e a t m e n t exceeding t h e 8 h o u r s , a l ready m o r e cells g o over t o an i n t e r p h a s e . 
Table 2. Effect of the time of treatment on the mitotic accumulation (Time experiment). 
Average values of the pro-, meta-, and anaphases, as well as of mitotic activities, and 
the dispersion values of the arithmetical average of mitotic activities. 
(The nitrous-oxide treatment took place at six atmospheric pressure.) 
Mitosis 
Time (hrs) Prophase Metaphase Anaphase Mitosis ss** 
Control 3.32 1.09 1.48 5.89 0.41 
1 3.53 8.10 0.05 11.68 0.63 
2 3.18 11.88 0.28 15.34 0.72 
3 2.35 15.67 0.09 18.11 0.40 
4 4.15 16.57 0.00 20.72 1.58 
6 5.42 18.23 0.12 23.77 1.03 
8 6.83 21.70 0.03 28.56 0.58 
10 4.78 17.63 0.03 22.44 1.47 
12 4.12 14.07 0.07 18.25 0.96 
14 4.08 12.23 0.00 16.31 0.68 
16 2.55 9.92 0.02 12.49 1.12 
18 2.00 6.25 0.00 8.25 0.53 
20 4.80 12.97 0.00 17.77 0.59 
22 3.03 6.98 0.00 10.01 0.83 
24 1.32 1.27 0.00 2.59 0.30 
26 0.80 2.08 0.00 2.88 0.33 
28 0.28 0.57 0.00 0.85 0.14 
30 0.60 1.00 0.00 1.60 0.22 
32 0.67 1.05 0.00 1.72 0.26 
34 1.72 2.10 0.00 3.82 0.59 
** s j S t a n d a r d dev ia t ions of t h e a v e r a g e s of mi to t i c activities. 
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o m i t t i n g the a n a - and te lophas ic phases t h a n the number of cells go ing newly in to 
mitosis . A f t e r 20 h o u r s , the n u m b e r o f m e t a p h a s e again s h o w s a rise. Bu t m o s t o f 
the mi to t i c cells a r e a f t e r twenty h o u r s a re t e t r ap lo id . T h e p e a k is, t he re fo re , given 
no t by cells s t epped in to a " n e w " mi tos i s , bu t a l r eady " t r e a t e d " cells get aga in till 
the m e t a p h a s e . F r o m this, the conc lus ion can be d r a w n t h a t : 
1) by n i t r o u s oxide , n o n o t a b l e inhib i t ion is induced in a n o t h e r s tage o f t h e 
cell cycle, 
2) d u r i n g the 6 a t m n i t rous -ox ide t r e a t m e n t , the cycle t ime o f these cells is 
a p p r o x i m a t e l y 10 h o u r s . A t r e a t m e n t s h o w s a f t e r 22 hou r s an anequ ivoca l inh ib i to ry 
effect a n d till a t r e a t m e n t fo r 34 h o u r s I have no t observed a n y fo l lowing rise. Beyond 
the inh ib i tory effect induced by the long t r e a t m e n t , a pa r t c an be p layed in this by 
the exhaus t i on of d iv iding abil i ty o f the cells a l ready divided. 
W i t h co n t ro l exper iments , I es tabl i shed tha t the effect of nitrous oxide on the 
mitosis is specific, and it is n o t d u e to the physical condi t ions of the t r e a t m e n t (e.g. 
high pressure) . 6 - a tm , 8 -hour t r e a t m e n t s were pe r fo rmed wi th a i r , n i t rogen , a n d 
oxygen a n d n o n e of these resulted in an effect , s imi lar to t ha t of N z O . 
Table 3. Decision on the reversible resp. irreversible effect of the nitrous-oxide treatment. 
(Experiment of returning.) 
Arithmetical averages and dispersion values of the pro-, ir.eta-, and anaphases, as well 
as of mitotic activities. 
(Nitrous-oxide treatment at 6 atm pressure, for 8 hours, sampling following gas solu-




Prophase Metaphase Anaphase Mitosis ss** 
Control 3.32 1.09 1.48 5.89 0.41 
0.00 6.84 21.70 0.03 28.60 0.58 
0.30 5.80 9.51 7.28 22.78 0.99 
1.00 3.85 2.22 8.60 14.67 0.75 
1.30 7.33 1.53 4.13 12.97 0.83 
2.00 6.48 2.13 3.00 11.60 0.94 
3.00 4.90 2.10 3.17 10.17 0.55 
4.00 3.68 1.32 2.30 7.30 0.32 
5.00 5.17 1.17 1.86 8.72 0.33 
6.00 3.13 1.07 1.30 5.50 0.59 
7.00 2.18 0.72 1.03 3.93 0.24 
8.00 1.57 0.53 0.22 2.32 0.18 
9.00 2.28 0.60 0.58 3.47 0.44 
10.00 7.10 1.90 2.47 11.97 1.72 
11.00 2.47 1.02 0.92 4.40 0.45 
12.00 4.15 0.93 1.05 6.13 0.98 
13.00 3.02 0.88 0.40 4.30 0.92 
14.00 4.63 0.87 0.78 6.28 0.51 
15.00 10.22 2.83 2.35 15.40 1.68 
16.00 4.12 0.97 0.72 5.80 0.46 
17.00 4.33 0.83 0.67 5.83 0.29 
18.00 5.07 1.33 1.63 8.03 0.43 
19.00 3.08 0.38 0.38 3.85 0.59 
20.00 7.43 1.50 1.28 10.22 0.65 
21.00 5.87 1.28 1.43 8.58 0.92 
* *s* S t a n d a r d dev ia t ions of t h e ave rages of mi to t i c activities. 
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Accord ing t o my invest igat ions, the effect of nitrous oxide is reversible. F o l l o w -
ing the so lu t ion of the gas t r ea tmen t , the m e t a p h a s e cells immedia te ly pass o v e r in to 
a n a p h a s e . 
Af t e r solving the gas t r e a t m e n t (Tab le 3). t h e c h a n g e in mitotic activity shows 
a definite periodicity. F o r 9 hou r s , mitot ic act ivi ty g radua l ly decreases , t hen , a t 10 
hours , it achieves a level d o u b l i n g tha t of the c o n t r o l , a n d fo l lowed a f t e r 15 resp . 
20 h o u r s aga in by a new peak , in each case. 
O n the d a t a of the t ime expe r imen t , it is no t p robab le t ha t this p h e n o m e n o n 
wou ld be a consequence o f a part ia l b locking , t ak ing place a t s o m e p o i n t of the cell 
cycle. I cons ide r a s a more p r o b a b l e exp lana t ion tha t the 10-hour peak is i nduced 
by the fast cyclizing cells par t ia l ly r emain ing in synchron ized , while t h e 15-hour 
peak is f o rmed by the cells o f the cell p o p u l a t i o n of a fas te r cell cycle, r e m a i n i n g 
in s y n c h r o n . T h e 20-hour peak is aga in p r o d u c e d by t h e fas t cycl izing cells of s u p -
posedly 10-hour cell cycle. O n the basis of this exp lan t ion , the larger s h a r e of t h e 
near ly 30 per cent mi to t ic cell p o p u l a t i o n of ze ro h o u r z e r o m i n u t e wou ld be given 
by the s lower cells (of 15-hour cell cycle). T h e s u m of t h e 10- and 15-hour p e a k s 
agrees extremely well with the mi to t ic activity observed a t the t e r m i n a t i o n o f g a s 
t r e a t m e n t . By this, as well as by the c o m p a r i s o n o f the 10- a n d 20 -hou r m i t o t i c 
activit ies, the extremely high s tabi l i ty o f synch ron i t y is s h o w n . 
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